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Abstract 
Magnetic resonance imaging (MRI) may be considered one of the most useful 
technological developments in the field of cognitive neuroscience. Above the ability 
to provide detailed anatomical images, MRI has afforded researchers new insights 
into both the healthy brain and pathological states through the ability to map neural 
activity with blood-oxygen-level dependent functional MRI (BOLD-fMRI) and to 
perform quantitative analyses of biochemical compounds in vivo with magnetic 
resonance spectroscopy (MRS).  
Despite the usefulness of these methods, one of the limitations to BOLD-fMRI is that 
it does not reveal how changes in neural activity relate to excitation and inhibition in 
a neural circuit, commonly characterised as the excitation/inhibition balance. 
Similarly, while MRS may allow quantitative measurement of the primary excitatory 
and inhibitory neurotransmitters in the brain, namely glutamate and γ-aminobutyric 
acid (GABA), it may only reveal average levels over the course of an acquisition, and 
MRS alone provides no measure of neural activity.  
A number of studies have attempted to relate patterns of activity as measured with 
fMRI with metabolite levels acquired separately with MRS, and though this approach 
may be useful for investigating how metabolite levels may predict or influence 
patterns of activity, it does not allow detection and measurement of acute metabolic 
changes occurring over short time scales, or how changes correlate with neural 
activity.    
The motivation for this project was to investigate new approaches to performing 
MRS that would allow measurement of dynamic changes in the balance of excitatory 
and inhibitory neurotransmitter levels with high temporal resolution (i.e. functional 
MRS), as well as methods for simultaneous, functional imaging of both neural and 
metabolic activity. It is believed that these techniques may advance ongoing 
investigations within the research group into understanding of the pathophysiology of 
auditory-verbal hallucinations, one of the characteristic symptoms of schizophrenia.  
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This project proceeded through three key stages.  
The first stage was to create an overview of key metabolites implicated in the 
pathophysiology of schizophrenia that may be measured with MRS. The first article 
in this thesis reviews current practice and new developments in the use of MRS in 
measuring metabolites in four categories: N-acetyl aspartate (NAA), glutamate and 
glutamine (or the composite “Glx” signal), GABA and glutathione (GSH).   
The second stage was to evaluate a method for analysing MR-spectra in a time-
resolved manner at high temporal resolution. Using transcranial direct current 
stimulation (tDCS) to induce a change in local levels of Glx and GABA, MR-spectra 
were acquired continuously before, during, and after stimulation and analysed using a 
novel “time-windowing” approach presented in the second article in this thesis.   
Finally, the BOLD effect that provides the contrast used in BOLD-fMRI has been 
demonstrated to affect the linewidth of MR-Spectra. By acquiring spectra with 
interleaved frames without water suppression, changes in the linewidth of the 
unsuppressed water signal may be used as a measure of the BOLD effect, effectively 
permitting simultaneous measurement of neural and metabolic activity. The third 
article in this thesis was a feasibility study, determining whether this approach may 
be implemented using a MEGA-PRESS sequence at a field strength of 3 T in order to 
investigate how changes in local GABA and Glx levels relate to changes in the 
BOLD signal in response to visual stimulation.  
The methods presented in this thesis show great potential for measuring dynamic 
changes in GABA levels as well as simultaneous measurement of neural and 
metabolic activity at a field strength of 3 T. However, more work is required to 
evaluate their effectiveness conclusively. Further studies may benefit from judicious 
choice of stimulus and experimental design as well as the use of specialised 
sequences that do not rely on spectral editing.  
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1. Introduction 
In understanding mental phenomena, Hugdahl and Sommer (2017) outline six levels 
of explanation at which they may be investigated, being the cultural, clinical, 
cognitive, imaging, cellular and molecular levels. At the cellular level, explanation is 
primarily concerned with the activity of neurons and neurotransmitters, and how the 
output of a neural circuit relates to input from excitatory and inhibitory postsynaptic 
potentials, commonly characterised as the excitation-inhibition (E/I) balance.  
Impairments in the E/I balance have been implicated in range of neurological and 
psychiatric conditions, perhaps most notably schizophrenia, where converging 
evidence across genetic, physiological, post-mortem studies and animal models 
consistently find decreased inhibition and increased excitation in relation to both 
schizophrenia and auditory-verbal hallucinations (AVH), a defining symptom of the 
disease (Jardri et al., 2016).  
Magnetic resonance imaging (MRI) provides two particularly useful tools for 
investigating mental phenomena at both the imaging and cellular levels, namely 
blood-oxygen-level dependent functional MRI (BOLD-fMRI or fMRI), in which 
neural activity is measured through associated changes in blood flow, and magnetic 
resonance spectroscopy (MRS) which may be used to perform quantitative 
measurements of glutamate and γ-aminobutyric acid (GABA), the principal 
excitatory and inhibitory neurotransmitters in the human brain respectively.  
One of the limitations to fMRI is that it gives no indication of how changes in 
excitation and inhibition relate to neural activity. Evidence suggests that the measured 
signal is related to processing within a cortical region and more closely reflects input 
to a neural circuit rather than its output (Havlicek, Ivanov, Roebroeck, & Uludağ, 
2017; Logothetis, Pauls, Augath, Trinath, & Oeltermann, 2001). However, as 
Logothetis (2008) illustrates, signal change may be due to a shift in either excitation 
or inhibition, or both, but cannot be deduced from fMRI alone.   
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Similarly, MRS may be used to perform quantitative measurements of brain 
metabolites involved in the E/I balance, such as glutamate and GABA, but alone 
gives no measure of neural activity. Furthermore, as it is typically used, MRS 
provides only a quantitative measurement averaged over the course of an acquisition 
that normally lasts several minutes and may not reveal metabolic changes occurring 
over short time scales.  
Further investigation into mental phenomena at the cellular level depends on both the 
ability to measure dynamic changes in both glutamate and GABA at a temporal 
resolution comparable to that of fMRI, and to measure neural activity and associated 
changes in the E/I balance simultaneously. To this end, a number of studies have 
sought to overcome the limitations of fMRI and MRS by improving temporal 
resolution of MRS to perform time-resolved or functional MRS (Cleve, Gussew, & 
Reichenbach, 2015; Gussew et al., 2010; Lally et al., 2014), combining fMRI and 
MRS to investigate correlations between patterns of activity with resting-state 
metabolite levels (Falkenberg, Westerhausen, Specht, & Hugdahl, 2012; Hugdahl, 
Craven, et al., 2015) and by developing methods for measuring neural and metabolic 
activity simultaneously (Apšvalka, Gadie, Clemence, & Mullins, 2015; Ip et al., 
2017). 
The purpose of this project was to evaluate new approaches to MRS that may allow 
both improved temporal resolution of MRS and simultaneous measurement of neural 
and metabolic activity, with a specific focus on how they may be used in improving 
understanding of the pathophysiology of auditory-verbal hallucinations.  
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1.1 Functional Magnetic Resonance Imaging (fMRI) 
1.1.1 Principles of Nuclear Magnetic Resonance 
Nuclear Magnetic Resonance (NMR) refers to the physical phenomenon by which 
atomic nuclei absorb and re-emit electromagnetic radiation of a characteristic 
frequency. This phenomenon forms the basis for both magnetic resonance imaging 
and spectroscopy.  
For an atomic nucleus to undergo NMR, there are certain criteria that must be met. In 
the context of NMR, atomic nuclei may be described by three key properties: the 
atomic number which gives the total number of protons, the mass number which 
gives the total number of protons and neutrons, and the spin quantum number 
(denoted “I”). The spin quantum number refers to the total angular momentum of a 
nucleus and may be either zero, where the number of protons and neutrons are both 
even, an integer where the number of protons and neutrons are both odd, or a half-
integer where either the number of protons or neutrons is odd (Levitt, 2013). 
Atomic nuclei possessing a non-zero spin acquire a magnetic moment, by which they 
produce a magnetic field. A nucleus with spin angular momentum (I) has an 
orientation associated with it (mI), quantised such that for the value of I there are 2I+1 
values of mI that may take on a range of values between -I and +I in integer steps. For 
example, a nucleus with a spin angular momentum value of I = ½ has (2(½) + 1 = 2) 
two values of mI associated with it, denoted +½ and -½, the difference between these 
values being an integer step of 1. In the presence of a strong, external magnetic field 
(B0), interactions between the magnetic moments of the nuclei and the external field 
create an energy difference between the two states described by Equation 1.1. 
 ∆𝐸 = 𝛾ℏ𝑩𝟎 (1.1) 
Where γ is the gyromagnetic ratio, a constant of proportionality unique to each 
atomic nucleus that relates its angular momentum due to spin to the strength of its 
magnetic moment expressed in units of radians per second per Tesla (rad s-1 T-1) and 
ħ is the reduced Planck constant (1.054571800(13) x 10-34 J·s rad-1).  
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Under the influence of spin, the nuclear magnetic moments precess around the 
direction of the external field at an angular frequency corresponding to the difference 
in energy between the different values of mI. This frequency of precession (ω0) is 
proportional to the strength of the external magnetic field through the gyromagnetic 
ratio as expressed in the Larmor Equation (1.2). 
 𝝎0 = − 𝛾𝑩0 (1.2) 
If electromagnetic radiation is applied at a frequency corresponding to the Larmor 
precession frequency, typically within the radiofrequency band (RF), this energy is 
absorbed and re-emitted by the sample. This process of absorption and emission at 
the Larmor frequency is termed nuclear magnetic resonance. 
While all atomic nuclei with a non-zero spin may undergo resonance, further 
discussion will be confined to resonance of the 1H nucleus which consists of a single 
proton and I = ½.  
Being a spin-½ particle, the 1H nucleus has two values of mI (+½ and -½) which 
correspond to lower and higher energy states in the presence of an external magnetic 
field: Low Energy = +½ (parallel with B0), High Energy = -½ = (antiparallel with B0). 
The ratio of nuclei in each energy state can be described by a Boltzmann distribution 
(Equation 1.3). 
 𝐻𝑖𝑔ℎ 𝐸𝑛𝑒𝑟𝑔𝑦
𝐿𝑜𝑤 𝐸𝑛𝑒𝑟𝑔𝑦
= 𝑒
−∆𝐸
𝑘𝑇  (1.3) 
Where k is the Boltzmann constant (1.38064852(79) x 10-23 J K-1) (Levitt, 2013), T is 
the absolute temperature in units Kelvin and ΔE = γℏB0 (Equation 1.1).  
This distribution means that in a population of nuclei, there is a preference for the low 
energy state that is proportional to the strength of the external magnetic field. 
Although the magnetic moments of nuclei in the high and low energy states cancel 
one another out, this slight excess of nuclei in the low energy state creates a net 
nuclear magnetisation that forms a measurable signal from the sample. Thus, it is not 
 5 
individual nuclei, but rather the coherence of an ensemble of nuclei in the low energy 
state that forms a measurable signal described as the net magnetisation vector 
(NMV).  
At rest, the NMV is oriented parallel to the external field B0, typically taken as the 
longitudinal or z-direction, with individual nuclei precessing at the Larmor frequency. 
When exposed to a pulse of electromagnetic radiation equal to the Larmor frequency, 
referred to as an excitation pulse or RF pulse (denoted B1), the NMV moves into the 
transverse plane (x-y plane). The angle made between the longitudinal and transverse 
planes is referred to as the flip angle (α) and is dependent on the strength of the 
applied RF pulse and its duration (τ) (Equation 1.4). 
 𝛼 = 𝛾|𝑩1|𝜏 (1.4) 
Where τ is the duration of the applied pulse. Given that the gyromagnetic ratio and B1 
frequency are constants dependent on the nucleus in which resonance is to be 
induced, the flip angle is largely determined by the duration of the pulse (τ). MRI 
scanners are designed such that signals are detected in the transverse plane, when net 
magnetisation is orthogonal to B0, so the signals are strongest when the flip angle is 
90°. When B1 is removed, magnetisation comes under the influence of the main field 
B0 and returns to its low energy state, parallel with the external field in the 
longitudinal direction, under two related but independent relaxation processes: T1 
and T2 relaxation. 
T1 relaxation, also known as spin-lattice relaxation, is the process by which nuclei 
release the energy they have absorbed into the surrounding environment or molecular 
lattice. The flip angle closes and the magnetisation vector returns from the transverse 
plane to the longitudinal. The rate of recovery is an exponential process where the T1 
time represents how long it takes for 63% of the longitudinal magnetisation to 
recover.  
T2 relaxation, also known as spin-spin relaxation is the process by which the 
magnetic fields of nearby nuclei interact, leading to dephasing, loss of coherence, and 
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loss of magnetisation in the transverse plane. This loss of coherence is also an 
exponential process where the T2 time represents how long it takes for 63% of the 
transverse magnetisation to be lost. Another related process is that of T2* relaxation, 
which refers to dephasing and loss of coherence due to inhomogeneities in the main 
magnetic field.  
The Larmor equation (Equation 1.2) establishes that resonance frequency is 
proportional to the strength of the magnetic field nuclei experience, as a result, 
resonance frequency may be manipulated by introducing gradients in the external 
magnetic field to localise resonance to spatial locations commonly referred to as 
voxels (from volumetric pixel, i.e. volumetric picture element). Resonance frequency 
within a voxel may be used to encode its spatial position in imaging, or be used to 
identify compounds of interest in spectroscopy.  
The manipulation of the magnetic moments of MR-active nuclei between the 
longitudinal and transverse planes is accomplished through the coordination of RF 
pulses in combination with magnetic field gradients, the magnitude and timing of 
which are determined by pulse sequences. The three key elements of pulse sequences 
are the flip angle (Equation 1.4), the echo time (TE), which is the time between the 
application of an initial excitatory RF pulse and the peak of signal readout, and the 
repetition time (TR), which is the time between successive excitation pulses in an 
acquisition.  
Manipulation and measurement of nuclear magnetic resonance through different 
pulse sequences effectively forms the basis of both magnetic resonance imaging and 
spectroscopy.  
1.1.2 Blood-Oxygen-Level Dependent (BOLD) Contrast 
Functional magnetic resonance imaging (fMRI) refers to methods allowing 
visualisation of changes in activity or metabolism over time as opposed to static 
images. Though not the only form of functional imaging, the term fMRI typically 
refers to blood-oxygen-level dependent (BOLD) fMRI, which uses the magnetic 
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properties of haemoglobin, the protein that binds oxygen in red blood cells, to relate 
changes in neural activity in areas of the brain to associated changes in blood flow to 
that area. 
Haemoglobin is the protein responsible for transporting oxygen in red blood cells. 
The protein is comprised of four subunits called heme groups, each of which contains 
a single iron atom, to which oxygen atoms bind. The binding of oxygen to iron 
changes its magnetic properties such that oxygenated haemoglobin (oxyhaemoglobin) 
is diamagnetic and will repel magnetic fields, whereas deoxygenated haemoglobin 
(deoxyhaemoglobin) is paramagnetic and will attract magnetic fields.  
Neural activity is marked by increases in energy-demanding processes and 
consequently, increases in oxygen and glucose consumption. The demand for glucose 
and oxygen and supply through local cerebral blood flow (CBF) are very tightly 
connected, such that as neural activity increases, CBF increases proportionally. This 
change in blood flow in response to neural activity is referred to as the 
haemodynamic response (HDR), and the relationship between neural activity and 
changes in CBF referred to as neurovascular coupling. Despite the proportional 
connection between neural activity and CBF, the rate of metabolic glucose 
consumption is greater than that of oxygen consumption, leading to an increase in the 
local fraction of oxyhaemoglobin relative to deoxyhaemoglobin in the local cerebral 
blood volume (CBV) (Fox & Raichle, 1986). Over the course of three landmark 
papers published in 1990 (Ogawa & Lee, 1990; Ogawa, Lee, Kay, & Tank, 1990; 
Ogawa, Lee, Nayak, & Glynn, 1990), Seiji Ogawa and associates demonstrated that 
these changes could be measured and imaged with MRI. Increases in the fraction of 
oxy- to deoxyhaemoglobin create less inhomogeneity in the local magnetic field, 
reducing dephasing due to T2* effects and increasing local MR-signal intensity. 
Thus, increases in neural activity may be imaged through increases in MR-signal due 
to increases in the ratio of oxy- to deoxyhaemoglobin as a result of increased CBF. 
As the BOLD signal reflects changes in CBF and not neural activity directly, there is 
a delay between the onset of neural activity and the HDR of around 1-2 seconds, with 
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the HDR peaking around 4-6 seconds after activation and falling slightly under 
baseline before returning. A model of the haemodynamic response function (HRF) is 
depicted in Figure 1.  
 
Figure 1 - Haemodynamic Response Function (HRF) in response to neural 
activation at time = 0 s 
 
BOLD-fMRI experiments typically involve conditions where participants are exposed 
to a stimulus or perform a sensory, motoric or cognitive task alternating with periods 
of either no task or a different task or stimulus. The volumetric images acquired in 
fMRI may be compared between stimulus/task and rest/control conditions, or 
between different conditions, and testing for statistically significant changes in voxel 
intensity to create a map of areas where changes in neural activity where measured 
(Figure 2).  
Condition presentation typically falls into one of three categories: Block designs, 
where epochs of one condition are presented for a certain duration alternating with 
either a control or other experimental condition; event-related designs, where a 
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condition is presented and the individual haemodynamic response to that task or 
stimulus measured; or mixed designs, in which an event-related design is presented in 
blocks (Amaro & Barker, 2006).  
 
Figure 2 - Coronal (left), axial (middle) and sagittal (right) fMRI images 
showing activation in the visual cortex (red). Activation map shows contrast 
between blocks of visual stimulation with a red-black radial checkerboard 
alternating at 8 Hz and control blocks without stimulation  
(taken from article III). 
 
1.1.3 Neural Activity and fMRI 
The fundamental function of an individual neuron is the generation of an action 
potential, which may be considered the “output” of the neuron. The initiation of an 
action potential is determined by “inputs” received from other neurons to which it 
forms synaptic connections. Inputs may be excitatory, increasing neuronal potential 
towards the threshold for an action potential, or inhibitory, decreasing the potential 
from the threshold. Although well over 100 compounds have been identified and 
classified as neurotransmitters (Kalat, 2019) the primary excitatory and inhibitory 
neurotransmitters in the brain are glutamate and GABA respectively. 
As many as 85% of the synapses in the brain use glutamate for transmission (Agarwal 
& Renshaw, 2012). In addition to its role as a neurotransmitter, glutamate is also 
involved in energy metabolism, protein synthesis and as a precursor to other 
important biomolecules (e.g. GABA and glutathione).  
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Figure 3 - Metabolism of glutamate and GABA. AAT = aspartate 
aminotransferase, AcetylCoA = Acetyl Coeznyme A, AT = 
aminotransferase, GABA = γ-aminobutyric acid, GABA-T = GABA 
transaminase, GDH = glutamate dehydrogenase, Glc = glucose, Gln = 
glutamine, Glu = glutamate, GS = glutamine synthase, Lac = lactate, LDH = 
lactate dehydrogenase, OAA = oxaloacetate, PAG = phosphate-activated 
glutaminase, PDH = pyruvate dehydrogenase, Pyr = pyruvate, SSADH =  
succinic semialdehyde dehydrogenase, TCA = tricarboxylic acid, α-KG = α-
ketoglutarate. (Schousboe, Bak, & Waagepetersenm 2013, reprinted with 
permission). 
 
As the blood-brain barrier prevents glutamate from entering neurons directly, it is 
produced locally by two separate pathways: de novo synthesis in the presynaptic 
neuron and recycling through astrocytes (Figure 3). De novo synthesis begins with 
glucose, which enters cells and is passed through the glycolytic pathway to produce 
pyruvate, which is in turn converted to acetyl-coenzyme A (acetyl-coA) and passed 
into the tricarboxylic acid cycle where it leaves as α-ketoglutarate which is converted 
by amino acid aminotransferases to glutamate. Following binding to postsynaptic 
receptors, glutamate is actively transported to astrocytes where it is converted to 
glutamine in a reaction catalysed by glutamine synthase, and may be recycled back to 
the presynaptic neuron to be converted to glutamate in a reaction catalysed by 
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phosphate-activated glutaminase. The uptake of glutamate by astrocytes also 
stimulates glycolysis and increases lactate production within the astrocytes (Pellerin 
& Magistretti, 1994). Glutamatergic transmission, including synthesis, release and 
recycling, is a highly energetically demanding process, and accounts for 70-80% of 
glucose consumption in glutamatergic neurons (Agarwal & Renshaw, 2012; 
Schousboe et al., 2013).  
The synthesis of GABA in GABAergic neurons begins with glutamate, which may 
either be synthesised de novo following the same reaction pathway as in 
glutamatergic cells, or may be derived from glutamine supplied by astrocytes which 
is converted to glutamate by phosphate-activated glutaminase. With a glutamate 
substrate available, GABA is synthesised in a single step by the enzyme glutamic 
acid decarboxylase, only found in GABAergic cells, which removes a carboxyl group 
from glutamate to produce GABA (Agarwal & Renshaw, 2012). Following binding 
to postsynaptic receptors, may undergo reuptake into the presynaptic neuron and 
reused, or may be transported into astrocytes, converted to glutamine and returned to 
the presynaptic terminal in the same fashion as glutamate (Brady, Siegel, Albers, & 
Price, 2012). 
Together, glutamatergic and GABAergic neurons in the cerebral cortex comprise 
neuronal microcircuits, which are defined by Silberberg, Grillner, LeBeau, Maex, and 
Markram (2005) as the “minimal number of interacting neurons that can collectively 
produce a functional output” (Figure 4). Both glutamatergic and GABAergic cells in 
cortical microcircuits receive input via long-range axons originating from excitatory 
neurons in subcortical regions (e.g. the thalamus) as well as from different cortical 
regions and layers. Interactions between excitatory glutamatergic cells and inhibitory 
GABAergic cells within a microcircuit are reciprocal, glutamatergic cells both excite 
and are inhibited by GABAergic cells, and form feedback and feedforward inhibitory 
loops (Isaacson & Scanziani, 2011). The output of a neural microcircuit is determined 
by the amount of excitatory and inhibitory activity within the circuit, commonly 
characterised as the excitation/inhibition (E/I) balance.  
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Figure 4 - Left: Model of a canonical cortical microcircuit showing excitatory 
(red) and inhibitory (black) synapses. Right: fMRI response to changes in 
excitation (red) and inhibition (blue) (Logothetis, 2008, reprinted with 
permission).  
 
Given that the BOLD signal reflects changes in CBF due to neurovascular coupling, 
and that the haemodynamic response is related to increased demand for glucose and 
oxygen as a result of increased energy expenditure, it is important to distinguish what 
this energy demand indicates at a neurophysiological level. Converging evidence, 
mainly from electrophysiological studies in animal subjects (Logothetis et al., 2001; 
Mathiesen, Caesar, Akgören, & Lauritzen, 1998; Rauch, Rainer, & Logothetis, 2008; 
Viswanathan & Freeman, 2007), suggests the increased energy expenditure the 
BOLD signal represents is more closely related to the energy-demanding processes 
related to synaptic activity, integrative processing and the synthesis, release and 
recycling of neurotransmitters (i.e. input) rather than the generation of action 
potentials (i.e. output) of a neuronal microcircuit. As Viswanathan and Freeman 
(2007) demonstrate, stimuli able to elicit synaptic activity without initiating an action 
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potential in the primary visual cortex of cats still resulted in changes in tissue oxygen 
concentration. 
In an article entitled “What we can do and what we cannot do with fMRI”, 
(Logothetis, 2008) demonstrates that changes in the fMRI signal may be due to shifts 
in excitation or inhibition, or both, but cannot be deduced from fMRI alone (Figure 
4). To this end, magnetic resonance spectroscopy may offer a potential solution to the 
limitations of fMRI, allowing quantitative measurements of glutamate and GABA in 
vivo and bridging the gap between imaging neural activity and underlying changes in 
the E/I balance.  
1.2 Magnetic Resonance Spectroscopy (MRS) 
Magnetic Resonance Spectroscopy is an MR-imaging technique that allows non-
invasive quantitative analyses of biochemical compounds to be performed in vivo. 
The principles of nuclear magnetic resonance that form the basis of imaging also 
form the basis of spectroscopy, with the exception that in imaging, resonance 
frequency is used to encode a position in space, whereas in spectroscopy it is used as 
a marker for identifying compounds based on their molecular environment. 
A Fourier transform of the measured resonance signals produces an MR-spectrum 
which is a plot of resonance frequency, typically along the x-axis, against intensity 
(Figure 5a) where “peaks” in the spectrum correspond to nuclei resonating at that 
frequency, and the integral area of each peak is proportional to their abundance.   
1.2.1 Chemical Shift and J-Coupling 
Electrons surrounding atomic nuclei produce magnetic fields of their own, small in 
comparison to the external field, but strong enough to augment the effective magnetic 
field nuclei experience and consequently, their resonance frequency. Thus, the actual 
magnetic field nuclei experience is affected by the density of electrons surrounding 
them. The electrons are said to “shield” the nucleus, and the nuclear resonance 
frequency may be shifted depending on how much shielding electrons provide against 
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the external field. The presence of other atoms (e.g. fluorine, chlorine) or functional 
groups (e.g. amine groups, carboxyl groups) in a molecule will withdraw electrons 
away from hydrogen atoms, proportionally decreasing their shielding and increasing 
their resonance frequency. This shift in resonance is known as chemical shift (δ) and 
maybe be used to identify compounds based on characteristic resonance frequencies 
of nuclei indicative of their local molecular environment. Chemical shift is typically 
reported as the difference between the resonance of the signal (νsample) and a reference 
signal (νreference) divided by the resonance frequency of the reference signal at a given 
field strength (Equation 1.5).    
 δ = (νsample – νreference) / νreference (1.5) 
As the difference between two signals is given in the range of Hz, divided by the 
resonance frequency of the reference signal in MHz, chemical shift is typically 
expressed in units of parts-per-million (ppm), i.e. Hz per MHz. The advantage to this 
system of measurement is that the frequency of νreference and the difference between 
νsample and νreference vary proportionally with field strength, giving chemical shift the 
same value in units of ppm regardless of the field strength of the scanner used.  
In addition to chemical shift, MR-active nuclei may also experience the effects of J-
coupling, also known as scalar or spin-spin coupling, wherein nuclei influence the 
resonance frequencies of one another through hyperfine interactions between the 
nucleus and surrounding electrons. Where the spin state of one nucleus affects the 
resonance frequency of another nucleus in the same molecule, the two nuclei are said 
to be “coupled” to one another. Coupling between nuclei in a molecule will cause 
minor shifts in resonance frequency. Averaged out over the whole sample, the 
resonance peak will appear to be “split” into (n+1) sub-peaks, where n is the number 
of other nuclei a nucleus is coupled to. Unlike chemical shift, J-coupling is not field 
strength dependent, and J-coupling constants are typically reported in Hz. Figure 5c 
illustrates how while chemical shift remains constant, the distance between sub-peaks 
due to splitting is reduced at higher field strengths.   
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Figure 5b depicts a simulated MR-spectrum of GABA at 3 T demonstrating the 
effects of chemical shift and splitting due to J-coupling. The three peaks correspond 
to hydrogen atoms on the three methylene groups (CH2) in GABA, coloured red, blue 
and green. The amine group (NH4+) exerts a stronger electron withdrawing influence 
over the molecule than the carboxyl group (COO-), causing a larger chemical shift in 
the “red” methylene group (3.0 ppm) than the “blue” (2.3 ppm) or “green” (1.9 ppm) 
groups. The two red hydrogen nuclei are J-coupled to the two blue, causing the red 
peak to be split into a triplet of three sub-peaks. Similarly, the two green hydrogens 
are split by the blue into a triplet. The blue hydrogens are coupled to both the red and 
green and are split into a quintet. Despite splitting, as each peak corresponds to two 
hydrogen nuclei, the integral area of each resonance multiplet is the same (De Graaf, 
2007; Puts & Edden, 2012).  
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Figure 5 – a) MR-spectrum of the human brain acquired at 3T, showing 
peaks corresponding to N-acetyl aspartate (NAA), creatine (Cr), choline 
(Cho), myo-inositol (Myo), glutamate (Glu), glutamine (Gln) and GABA. 
Coloured bars correspond to the peak locations in (b). b) MR-spectrum of 
GABA at 3T, showing resonance from the three methylene groups in the 
GABA molecule. c) Simulated MR spectra of GABA, Glu and Gln at  
1.5 and 4 T (Puts & Edden, 2012, reprinted with permission). 
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1.2.2 Metabolite Quantification 
The integrated area of a spectral peak is proportional to the number of nuclei 
resonating at that frequency and may be used to derive quantitative estimates of the 
abundance of particular metabolites. For quantitative analyses, simple approaches of 
numerical integration and calculating the area under peaks cannot distinguish 
contributions from overlapping or poorly resolved peaks (Stagg & Rothman, 2014). 
Figure 5a and 5c illustrate how overlap in the major resonance signals from 
glutamate, glutamine and GABA contribute to the same peak in an MR-spectrum, 
making it difficult to determine what fraction of each metabolite contributes to the 
measured peak. One of the most commonly used methods for spectral quantification 
is basis spectrum fitting, in which a spectrum is analysed as a linear combination of 
model spectra from individual metabolite sources. 
Basis spectrum fitting requires a set of model metabolite spectra that may either be 
simulated or acquired in vitro from single metabolite spectroscopy phantoms to 
produce a “basis set” of spectra acquired or simulated with the same acquisition 
parameters as the spectrum to be analysed. From this, a model of the spectrum under 
analysis may be reconstructed as a linear combination of the basis spectra of 
metabolites present in the sample to fit the measured spectrum, accounting for 
residual noise and variation in the spectral baseline (Figure 6). 
Using complete model spectra as opposed to individual resonance peaks allows the 
maximum amount of prior information to be incorporated into the analysis and the 
complexity of individual spectra may be used to resolve overlapping peaks at one 
chemical shift if their peaks are separated elsewhere in the spectrum.  
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Figure 6 - Basis spectrum fitting. The measured spectrum (Data) is 
modelled as a linear combination of the basis spectra (Fit). The difference 
between the fit and data forms the residual which may be used indication of 
how well the model matches the data. (Stagg & Rothman, 2014, reprinted 
with permission). 
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Quantitative metabolite estimates from MR-spectra are determined relative to a 
reference signal. Metabolites may be reported as a ratio relative to another metabolite, 
most commonly creatine, which has been demonstrated to be relatively stable under 
normal physiological conditions (Stagg & Rothman, 2014) or water, which is 
typically measured from spectral frames acquired without water suppression during 
the spectral acquisition. Given sufficient information regarding the water composition 
of the spectroscopy voxel and relaxation times of metabolites of interest, an 
estimation of absolute molar (moles per unit volume, e.g. mol L-1) or molal (moles 
per unit mass, e.g. mol kg-1) concentration may be derived, but this estimate is still 
based on the ratio of metabolite peak areas relative to that of tissue water in the 
spectroscopy voxel (Danielsen & Henriksen, 1994; Kreis, Ernst, & Ross, 1993). 
1.2.3 Pulse Sequences and Spectral Editing 
As with imaging, the coordination of excitation pulses and magnetic gradients are 
used to induce resonance within a volume of interest (voxel), typically between 1 and 
27 mL in volume, with the size of the voxel being proportional to spectral SNR. Two 
of the most widely used pulse sequences for MRS are the PRESS (Point REsolved 
Spectroscopy Sequence) and STEAM (STimulated Echo Acquisition Mode) 
sequences. The key difference between these two sequences is with the PRESS 
sequence, two 180° pulses are used to restore full coherence in the transverse plane, 
giving a greater SNR than with a STEAM sequence. Alternatively, the advantage 
with a STEAM sequence is that coherence is restored with 90° pulses, permitting 
shorter echo times than those that 180° pulses necessitate, allowing signals to be 
recovered from compounds of interest with short T2 times (Figure 7). 
In a standard in vivo MRS acquisition, the strongest measurable signals come from 
the two hydrogen nuclei present in water, which resonate as a singlet at 4.63 ppm. 
With a concentration of around 43.4 moles L-1 (M) in grey matter and 36.0 M in 
white matter, water has a concentration between 103 and 104 times higher than most 
metabolites of interest (Stagg & Rothman, 2014). In order to improve detection of the 
weaker signals from less abundant metabolites, spectral acquisition typically 
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incorporates a water suppression step to reduce the water signal. The most common 
approach to water suppression involves a CHEmical Shift Selective 90° excitation 
pulse (CHESS pulse) designed to selectively excite water signals at around 4.63 ppm. 
With the water proton signals already in the transverse plane, the first excitation pulse 
of the spectroscopy sequence pushes these signals a further 90° into the longitudinal 
plane in the opposite direction, minimising their detection in the transverse plane. 
Though a wide range of metabolites may be detected with PRESS and STEAM 
sequences, many compounds of interest may be difficult to detect due to factors such 
as low biological concentrations and overlap in spectral profiles with other, stronger 
signals. As figure 5c illustrates, separation between glutamate, glutamine and GABA 
may be difficult, particularly at lower field strengths (i.e. ≤ 3 T), due to significant 
spectral overlap between 2.0 and 2.5 ppm. Due to poor resolution between resonance 
signals in this region, quantitative estimates are often reported as “Glx”, a composite 
signal of glutamate and glutamine with small contributions from GABA and 
glutathione (GSH) (De Graaf, 2007).  
Accurate detection and quantification of certain metabolites of interest may be 
possible through the use of specialised sequences, such as the MEGA (MEscher-
GArwood) spectral editing method (Mescher, Merkle, Kirsch, Garwood, & Gruetter, 
1998; Mescher, Tannus, Johnson, & Garwood, 1996). MEGA editing exploits the 
unique modulation of MR-signals due to J-coupling, and how increasing echo time 
may change the spectral profile of coupled nuclei. One of the most widely used 
applications of MEGA editing is for the detection of GABA at field strengths of 3 T 
and lower, typically implemented in a PRESS sequence as MEGA-PRESS. At an 
echo time of 68 ms, the outer peaks of the triplet that GABA normally produces at 3.0 
ppm are inverted (Figure 8b). By applying a selective refocusing pulse at 1.9 ppm 
between the second and third RF pulses (Figure 7), the outer triplet peaks may be 
reverted. By interleaving spectral frames both with (“ON”) and without (“OFF”) the 
refocusing pulse, the two sets of ON and OFF spectra may be paired up and 
subtracted from one another to produce a difference spectrum in which GABA may 
be visualised at 3.0 ppm (Figure 8). 
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Figure 7 - Pulse sequence diagrams for the PRESS (top) and MEGA-
PRESS (bottom) sequences. RF = Radiofrequency pulse, Gx, Gy and Gz 
indicate applied gradients in the x, y and z directions respectively. TE = 
Echo Time (Mullins et al., 2014, reprinted with permission). 
 
Figure 8 - Schematic for MEGA-PRESS. a) Subtracting the OFF spectra 
from ON produces the difference spectrum. b) Subtracting “negative” peaks 
in the OFF spectra creates “positive” peaks in the difference spectrum. 
Uncoupled signals, and those not affected by editing pulses (e.g. creatine) 
are removed in the subtraction (Mullins et al., 2014, reprinted with 
permission). 
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Figure 9 - How editing pulses affect coupled signals (Craven, 2018, 
reprinted with permission). 
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The editing pulse used to “correct” the inverted peaks on the GABA triplet at 1.9 ppm 
also affects the large NAA resonance signal at 2.0 ppm, leading to a large negative 
peak in this area in the difference spectrum. This pulse also affects resonances 
attributed to the Glx peak at 2.04 and 2.12 ppm, coupled to resonances that also 
appear as a peak in the difference spectrum at 3.7 ppm (Figure 9). Thus, the 
difference spectrum contains resonances from Glx, GABA and NAA from which 
quantitative estimates may be derived, comparable in terms of accuracy and 
reliability to standard short echo time PRESS sequences (Henry, Lauriat, Shanahan, 
Renshaw, & Jensen, 2011).  
One issue affecting MEGA-edited GABA spectroscopy is the co-editing of 
macromolecule (MM) resonances at 1.7 ppm contaminating the GABA signal in the 
difference spectrum. Thus, GABA as measured with MEGA-PRESS typically refers 
to both GABA and the co-edited macromolecule, denoted GABA+MM or simply 
GABA+, unless macromolecular suppression has been explicitly implemented 
(Edden, Puts, & Barker, 2012).  
The SNR of a single spectral acquisition is often too low for meaningful data to be 
extracted from it. Typical practice involves acquiring a number of spectral frames 
that are averaged together to produce a “time-averaged” spectrum, wherein SNR 
increases proportionally with square root of the number of averages incorporated into 
the spectrum (Barker, Bizzi, De Stefano, Gullapalli, & Lin, 2009). Total scan times 
typically range from at least three to five minutes, depending on repetition time and 
the nature of the experiment, and it follows that total acquisition time must be longer 
when performing spectral editing to obtain a comparable SNR. Thus, quantitative 
analysis of a time-averaged spectrum provides the concentration of measured 
metabolites over the course of the entire acquisition. 
1.2.4 Functional MRS 
Performing MRS in a time-resolved or functional manner, i.e. functional MRS 
(fMRS), involves the acquisition and analysis of spectra in such a way that dynamic 
changes in metabolite levels may be measured in relation to a stimulus, task or 
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change in state. In what is widely considered the first fMRS experiment, Prichard et 
al. (1991) investigated a mismatch between increased blood flow and glucose uptake 
with oxygen consumption in the visual cortex in response to visual stimulation (Fox, 
Raichle, Mintun, & Dence, 1988). Spectra were acquired over an 80 minute period, 
during which 48 minutes of photic stimulation was delivered through a set of goggles 
containing a 5 x 6 grid of red light-emitting diodes flashing at 16 Hz. Spectra were 
combined to produce time-averaged spectra incorporating 128 averages each, 
representing blocks of 6-8 minutes of the total acquisition, such that an updated 
measure of lactate levels could be made at 6-8 minute intervals. This approach 
revealed that the mismatch between blood flow and glucose uptake with oxygen 
consumption could be attributed to a transient excess of glycolysis over aerobic 
respiration as indicated by an increase by 0.3-0.9 mM in lactate levels in the visual 
cortex during the first few minutes of stimulation which declined as stimulation 
continued. 
Subsequent fMRS studies have been used to measure increases in glutamate and 
lactate in the occipital cortex (OCC) in response to visual stimulation (Bednařík et al., 
2015; Lin, Stephenson, Xin, Napolitano, & Morris, 2012; Mangia et al., 2007; Mekle 
et al., 2017; Schaller, Mekle, Xin, Kunz, & Gruetter, 2013), changes in glutamate in 
the anterior cingulate cortex (ACC) and insula in response to pain (Cleve, Gussew, 
Wagner, Bär, & Reichenbach, 2017; Gussew et al., 2010; Gutzeit et al., 2011; 
Mullins, Rowland, Jung, & Sibbitt, 2005) as well as dynamic changes in GABA in 
the sensorimotor cortex in response to learning (Floyer-Lea, Wylezinska, Kincses, & 
Matthews, 2006) and in the dorsolateral prefrontal cortex (DLPFC) under a working 
memory task (Michels et al., 2012). 
The common approach to functional MRS has been to acquire spectra in serial blocks 
incorporating a small number of averages (Floyer-Lea et al., 2006; Ip et al., 2017; 
Kupers, Danielsen, Kehlet, Christensen, & Thomsen, 2009; Michels et al., 2012; 
Mullins et al., 2005; Rowland et al., 2005) effectively trading off a decrease in signal-
to-noise ratio (SNR) for an increase in temporal resolution. However, this approach is 
best suited for spectroscopy at higher field strengths, i.e. > 3 T, where the SNR is 
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inherently higher and blocks may be made shorter. Furthermore, temporal resolution 
with this approach is still in the order of minutes, significantly longer than what can 
be achieved with BOLD-fMRI, and averaging over long stimulation blocks may not 
reveal metabolic events occurring on a shorter time scale.  
More recent attempts to perform functional spectroscopy on a time scale comparable 
to that of BOLD-fMRI have used an event-related style of experimental design, in 
which a spectrum is recorded for each repetition of an experimental condition and 
taken together to produce an averaged spectrum of the metabolic response (Apšvalka 
et al., 2015; Cleve et al., 2015; Gussew et al., 2010; Lally et al., 2014). Using this 
approach, it may also be possible to alter the time of stimulus onset with the spectral 
acquisition in such a way that a metabolic response curve may be produced on a very 
short time scale, a process known as “jittering” used extensively in BOLD-fMRI 
(Mullins, 2018). 
1.2.5 Combining fMRI and MRS 
Despite the strengths of functional MRS, one of its limitations is that it may not 
measure neural activity directly. While it is possible to perform an experimental 
paradigm using fMRI and fMRS separately (Cleve et al., 2017), attempts have been 
made to measure both activity and metabolism simultaneously using a combination of 
fMRI and fMRS.   
Ip et al. (2017) used a combined fMRI/MRS paradigm to investigate dynamic 
relationships between the BOLD signal and local glutamate levels. Within a single 
TR of 4000 ms, both a full brain 3D BOLD echo-planar imaging (EPI) volume and an 
MR-spectra from a 20 x 20 x 20 mm3 voxel in the OCC were acquired. Using this 
approach, an increase in BOLD-signal (1.43 ± 0.17%) and glutamate levels (0.15 ± 
0.05 I.U. ~2%) was able to be measured in the OCC in response to 64 seconds of 
visual stimulation in the form of a radial checkerboard alternating at 8 Hz. 
Another approach to combining BOLD-fMRI and MRS takes advantage of the 
BOLD-effect on the lineshape of MR-Spectra. Shortly after the development of 
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BOLD-fMRI, Hennig, Emst, Speck, Deuschl, and Feifel (1994) investigated the 
nature of the BOLD-effect using a PRESS spectroscopy sequence without water 
suppression to examine BOLD related changes to the lineshape of the water 
resonance signal during neural activation. Given the high SNR of the unsuppressed 
water signal, and the high temporal resolution permissible where no time-averaging is 
required, this study proposed fMRS without water suppression as a possible 
alternative to BOLD-fMRI on systems where appropriate sequences could not be 
implemented (Hennig, 2012). Using this method, Frahm, Krüger, Merboldt, and 
Kleinschmidt (1996) found that in response to visual stimulation, measurements of 
the BOLD effect in the OCC produced almost identical time courses whether 
measured with fMRI or fMRS of the unsuppressed water resonance. Zhu and Chen 
(2001) found that in response to 12.8 minutes of visual stimulation the local BOLD-
effect had affected both increased the height (H) and decreased the linewidth, (υ1/2), 
of the spectral peaks of NAA (H: 2.5%, Δυ1/2: −1.7%), creatine (H: 3.1%, Δυ1/2: 
−1.8%) and water (H: 3.1%; Δυ1/2: −2.3%) at 4 T.  
Based on this principle, Apšvalka et al. (2015) investigated the possibility of 
measuring neural activity and metabolic changes simultaneously using only fMRS by 
interleaving spectral frames with and without water-suppression, providing an 
updated water signal from which BOLD-related changes could be derived. In this 
experiment investigating the relationship between dynamic changes in glutamate 
levels and BOLD effects in a repetition suppression paradigm, stimuli were presented 
in a mixed block/event-related design, with each 9.6 minute acquisition comprising 8 
blocks of 12 trials lasting 3 seconds each. Stimulus presentation was coupled to 
spectral acquisition such that a single frame was acquired with each trial. Collecting 
spectra in this manner allowed the data to be analysed either as a block design, 
grouping and averaging spectra according to the block type, or as an event-related 
design, grouping and averaging frames by presentation type. On average, glutamate 
levels increased after novel visual stimuli presentations by 12% and decreased by 11–
13% on repeated compared to novel presentations. The BOLD signal showed 
significant difference between task and rest trials, and a significant difference 
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between the novel and repeated trials, but appeared not to be connected to glutamate 
levels.  
The results of Apšvalka et al. (2015) showed that simultaneous functional imaging of 
neural activity and biochemical changes could be performed with only simple 
modification to a standard spectroscopy sequence.  
1.3 Schizophrenia and Auditory Verbal Hallucinations 
Schizophrenia comprises a spectrum of disorders defined by the diagnostic and 
statistical manual of mental disorders 5th edition (DSM-V) as schizophrenia, 
schizotypal (personality) disorder and other psychotic disorders, all of which are 
defined by abnormalities in one or more of the following domains: delusions, 
hallucinations, disorganised thinking, grossly disorganised or abnormal motor 
behaviour (including catatonia) and negative symptoms. The diagnostic criteria for 
schizophrenia include abnormalities in at least two of these domains, with at least one 
of them being delusions, hallucinations or disorganised speech, each present for a 
significant portion of time during a 1-month period (American Psychiatric 
Association, 2013). 
1.3.1 Biological Bases of Schizophrenia   
Although the neurobiological mechanisms underlying schizophrenia are not fully 
understood, Lisman (2012) suggests that dysfunction in glutamatergic, GABAergic 
and dopaminergic neurotransmitter systems may be implicated in its 
pathophysiology. 
The implication of glutamatergic systems follows from two key observations: Firstly, 
that glutamate receptor inhibitors, specifically N-methyl-D-aspartate receptor 
(NMDA-R) antagonists such as PCP, ketamine and related drugs, can elicit 
schizophrenia-like psychotic symptoms in healthy individuals (Javitt, Zukin, 
Heresco-Levy, & Umbricht, 2012). Secondly, administration of ketamine under 
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laboratory conditions was shown to exacerbate symptoms in schizophrenia patients 
(Lahti, Koffel, LaPorte, & Tamminga, 1995).  
The implication of GABA stems from early post-mortem studies that found 
significantly lower concentrations of GABA in the thalamus and nucleus accumbens 
of schizophrenia patients compared to controls (Perry, Buchanan, Kish, & Hansen, 
1979). Furthermore, Guidotti et al. (2000) found a 30% to 50% decrease in 
expression of genes coding glutamic acid decarboxylase, the enzyme catalysing 
GABA synthesis from glutamate, in the prefrontal cortex and cerebellum of patients 
with schizophrenia or bipolar disorder with psychosis, but not in those with unipolar 
depression without psychosis, compared to control subjects.  
Dysfunction along dopaminergic pathways is one of the core neurobiological 
elements of schizophrenia and was initially informed by two key observations: 
Firstly, that the use of dopamine releasing stimulants such as amphetamines and 
cocaine could elicit some of the positive symptoms of schizophrenia in otherwise 
healthy individuals and exacerbate symptoms in schizophrenia patients. Furthermore, 
long term use of such substances may produce a drug-induced psychosis 
symptomatically similar to the positive symptoms of schizophrenia (Curran, Byrappa, 
& Mcbride, 2004). Secondly, first-generation antipsychotics such as chlorpromazine 
that were effective in alleviating positive symptoms of schizophrenia were shown to 
have inhibitory or antagonistic effects on dopamine receptors, more specifically on 
the D2 subtype (Chandler, 2015).  
Due to the heterogeneity of the diagnostic criteria for schizophrenia and the diversity 
in symptoms the disease presents with, investigations into the biological bases of the 
disease are complicated, and many research groups have instead chosen to focus on a 
particular dimension or single symptom of the disease (Hugdahl, 2015). To this end, 
many symptom-focused studies have investigated auditory-verbal hallucinations, and 
in particular, functional imaging of auditory-verbal hallucinations.  
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1.3.2 Investigating Auditory-Verbal Hallucinations with MRI 
An auditory-verbal hallucination (AVH) is the conviction that one is perceiving a 
“voice” in the absence of a corresponding auditory source (Hugdahl, 2015; 
McCarthy-Jones et al., 2014) commonly referred to as the experience of “hearing 
voices”. Hugdahl (2017) outlines three core dimensions that define the experience of 
AVHs in schizophrenia patients: Firstly, there is a perceptual dimension, the voice 
“speaks” to the patient. Secondly, there is an attentional dimension, the patient cannot 
“control” the voice, and there is an associated impairment in perception of and 
attention to external sounds when the patient attends the voice. Finally, there is an 
emotional dimension: The voices are often perceived as having a negative emotional 
valence which, combined with diminished sense of executive cognitive control in the 
patient, may lead to the patient developing a sense of the voice having a “controlling” 
effect.  
fMRI studies into AVHs suggest that they are an anomaly of speech perception rather 
than speech production, although speech production areas are also involved to some 
extent (Sommer et al., 2008). Converging evidence from separate meta-analyses 
showed spontaneous activity in speech perception areas in the left superior temporal 
gyrus (STG) and superior temporal sulcus (STS) and that these patterns of activity 
closely resemble patterns of activity measured in healthy individuals when listening 
to speech from an external source (Hugdahl, 2017; Jardri, Pouchet, Pins, & Thomas, 
2011; Kompus, Westerhausen, & Hugdahl, 2011; Kühn & Gallinat, 2012; van den 
Noort, Specht, Rimol, Ersland, & Hugdahl, 2008). However, during AVHs, 
spontaneous activity has also been observed in the right prefrontal cortex, believed to 
be related to the semantic simplicity and negative emotional valence typically 
associated with AVHs in schizophrenia patients (Hugdahl, 2017; Jardri et al., 2011; 
Sommer et al., 2008).  
One of the particularly interesting aspects of AVHs that fMRI has illuminated is the 
“paradoxical” finding that schizophrenia patients show increased activation both in 
the left primary auditory cortex and right rostral prefrontal cortex in the absence of an 
 30 
external auditory stimulus and decreased activation in the presence of an external 
auditory stimulus (Kompus et al., 2011). Ćurčić-Blake et al. (2017) suggests that this 
apparent paradox may be explained by the so-called “saturation” theory, and that 
hallucinations create competition for neurophysiological resources common to the 
experience of hallucinations and the perception of external speech. 
In a study specifically investigating the neurochemistry of AVHs in schizophrenia 
patients, Hugdahl, Craven, et al. (2015) acquired spectra from four locations: the left 
and right upper posterior temporal lobes, covering Heschl’s gyri and the primary 
auditory cortices, and the left and right inferior frontal gyri in the frontal lobe, of 
healthy controls and schizophrenia patients. The patient group, however, was 
subdivided into frequent and non-frequent hallucinating subjects based on their 
hallucinatory behaviour (P3) score on the Positive and Negative Syndrome Scale 
(PANSS) (Kay, Fiszbein, & Opler, 1987). While schizophrenia patients as a group 
exhibited lower Glx levels than healthy controls, increased levels were found in 
patients with severe and frequent hallucinations compared to non-frequent, a finding 
replicated, in essence, by Ćurčić-Blake et al. (2017) suggesting that while 
glutamatergic transmission may be compromised in schizophrenia patients, glutamate 
levels may be a mediating factor in the experience of auditory verbal hallucinations.  
Hugdahl (2017) raises a simple, yet often overlooked question regarding auditory-
verbal hallucinations and their spontaneity, that is, why do patients not constantly 
hear voices? Why do they come and go? Considering this, the question becomes not 
only one of what causes AVHs, but what causes them to stop? Glutamatergic, 
dopaminergic and GABAergic pathways have been implicated in the pathogenesis of 
AVHs, but could the experience of hallucinations be caused by excess excitation or 
insufficient inhibition? Furthermore, does the cessation of hallucinations represent the 
re-establishing of the excitation/inhibition balance? Or possibly the exhaustion of 
resources? The ability to perform simultaneous measurement of neural activity and 
glutamate and GABA levels, at a temporal scale comparable to the spontaneity of 
AVHs, may potentially provide answers to these questions. 
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2. Specific Background and Aims of the Study 
The purpose of this project was to evaluate methods allowing improved temporal 
resolution of MRS and methods for measuring neural and metabolic activity 
simultaneously, with a focus on application in the investigation of auditory-verbal 
hallucinations (AVHs). Understanding the neurochemical bases of AVHs is the focus 
of a number of ongoing research projects at the Bergen fMRI group, and the 
motivation for this project. It is believed that these methods may assist in 
understanding events occurring at the “imaging” and “cellular” levels of explanation.  
Article I  
The first article in this thesis is a review of current practice and new developments in  
the use of MRS for quantitative measurement of metabolites implicated in the 
pathogenesis of schizophrenia. This review focused on metabolites in four categories: 
N-acetyl aspartate (NAA), glutamate and glutamine (or the composite signal denoted 
Glx), GABA, and glutathione (GSH), covering evidence for their roles in the 
pathogenesis of the disease and issues related to their detection and measurement 
with MR-spectroscopy.  
Article II 
The primary aim of this study was to investigate the biological effects of transcranial 
direct current stimulation (tDCS) in the posterior superior temporal gyrus (pSTG), a 
method that has been investigated as a potential treatment for AVHs. The secondary 
aim was to test a novel approach to analysing MR-spectra in a time-resolved manner. 
tDCS was used to induce a change in local GABA and Glx levels in the pSTG. 
Spectra were acquired continuously before, during and after ten minutes of 
stimulation and analysed using a “time-windowing” method, allowing dynamic 
imaging of biochemical changes with very high temporal resolution. 
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Article III 
The purpose of this study was to determine feasibility for simultaneous imaging of 
neural activity and dynamic changes in GABA at 3 T. The BOLD effect that provides 
the contrast in BOLD-fMRI has also been demonstrated to affect the linewidth in 
MR-spectra, and may be used as an indirect measure of neural activity. To determine 
whether it may be possible to measure neural and metabolic activity simultaneously, 
spectroscopy was performed with interleaved frames with and without water-
suppression, providing an updated water reference from which a measurement of the 
BOLD effect could be derived from the linewidth of the water peak in the 
unsuppressed spectrum. Spectra were acquired from the occipital cortex of healthy 
participants undergoing visual stimulation in the form of an alternating, radial, red-
black checkerboard.  
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3. Methods 
3.1 Literature Review 
Between the 13th and 30th of May 2018, a series of searches were performed in 
Pubmed to collect material for the review using the search term “MRS Spectroscopy” 
in conjunction with “Schizo*” (116 results), and “Psychosis” (54 results). Given its 
place as one of the defining symptoms of schizophrenia, and that significant work has 
focused on the biological basis of hallucinations with schizophrenia patients included 
amongst subjects, the term “Hallucinations” (6 results) was also included. As the 
review was to cover current practices, a restriction was placed confining results to 
those published in the last five years. 
To be considered for inclusion in the review, articles were to use 1H SVS methods, 
leading to the exclusion of studies using 13C or 31P spectroscopy as well as Chemical 
Shift Imaging (CSI) and MRS-Imaging (MRSI) methods. The studies had to focus on 
human subjects with schizophrenic or psychotic patients comprising at least one of 
the subject groups, to the exclusion of studies using animal models and animals as 
subjects as well as studies focusing on compounds of interest in healthy subjects only. 
Finally, articles had to be original research articles and not reviews or meta-analyses.  
Following exclusion of articles not meeting the inclusion criteria and articles 
common to multiple searches, the review of current practice comprised 41 original 
research articles that were then separated into four groups according to major findings 
concerning the metabolites of interest: 1) NAA, 2) Glutamate and/or Glutamine, 3) 
GABA and 4) GSH. Studies reporting findings affecting more than one of these 
metabolites of interest were grouped according to the finding deemed most 
significant or relevant relative to the experimental hypothesis. 
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3.2 Participants 
All studies involving human participants were performed in accordance with the 
recommendations and ethical approval of the regional committee for medical health 
and research ethics (REK-Vest) (Article II case number 2013/2342, Article III case 
number 2016/1629) with written informed consent from all participants. 
The participant group in article II comprised 20 healthy participants (mean age: 25 
years, range: 19 – 32; 10 male). All participants were required to complete a 
Norwegian language version of the Edinburgh handedness inventory (Oldfield, 1971) 
in order to determine right-handedness and to control for issues related to 
lateralisation of cortical areas, such that stimulation in the left hemisphere affects 
approximately the same functional area in each participant. The test assessed 
dominance of right and left hand in performing 10 everyday activities to produce a 
score ranging between -100 (exclusively left handed) and +100 (exclusively right 
handed), participants with a score greater than +40 were considered to be right 
handed and were permitted into the study (mean score: +80, SD: 24). Based on self-
report, participants were free from psychiatric and neurologic conditions and had not 
used any psychoactive/psychotropic substances, including no smoking or other 
tobacco based or nicotine containing products, for six months prior to participating in 
the experiment. Participants were also instructed not to  consume alcohol for at least 
24 hours prior to participation. Data from one female participant was omitted from 
final analyses due to abnormally high measurements of Glx more than three standard 
deviations above the group mean (Glx levels almost five times higher than average 
values), suggesting an error in spectral acquisition. 
The participant group in article III comprised 20 healthy participants (mean age: 29, 
range: 20-40; 11 male). Based on self-report, participants were free from psychiatric 
and neurological conditions, and not currently using any psychoactive/psychotropic 
substances. 
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3.3 Stimulation 
In order to evaluate methods for measuring dynamic changes in neural and metabolic 
activity, it was necessary to induce such changes by means of stimulation. In article 
II, transcranial direct current stimulation (tDCS) was used in an attempt to increase 
local levels of glutamate and decrease local GABA levels in the posterior superior 
temporal gyrus (pSTG). In article III, visual stimulation in the form of a red and black 
radial checkerboard, alternating at 8 Hz, was used to increase neural activity in the 
occipital cortex (OCC), eliciting a BOLD response, increasing local levels of 
glutamate and possibly decreasing local GABA levels.  
3.3.1 Transcranial Direct Current Stimulation 
Transcranial direct current stimulation is a non-invasive neurostimulation technique 
used to modulate cortical excitability in a polarity dependent manner, with anodal 
stimulation typically increasing excitability and cathodal stimulation decreasing 
excitability (Zaghi, Acar, Hultgren, Boggio, & Fregni, 2010). Previous studies have 
shown that anodal tDCS may reduce local GABA levels in the motor cortex (Kim, 
Stephenson, Morris, & Jackson, 2014; Stagg et al., 2009) and increase local Glx and 
NAA levels in the intraparietal and prefrontal cortices (Clark, Coffman, Trumbo, & 
Gasparovic, 2011; Hone-Blanchet, Edden, & Fecteau, 2016). 
Although the purpose of this experiment was to test a spectral analysis method, and 
any form of stimulation, task or activity that could increase activity in a region of 
interest in which an MRS voxel could be placed could have been used, tDCS in the 
pSTG was chosen for two reasons: Firstly, previous studies have shown tDCS to 
induce changes in local Glx and GABA levels and secondly, tDCS in the pSTG has 
been investigated as a potential treatment for AVHs in schizophrenia patients with 
studies finding both positive (Brunelin et al., 2012; Homan et al., 2011; Mondino et 
al., 2016) and negative results (Fitzgerald, McQueen, Daskalakis, & Hoy, 2014; 
Fröhlich et al., 2016). The stimulation paradigm and the stimulation parameters used 
were chosen in light of the potential for this study to advance not only neuroimaging, 
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but the understanding of tDCS as a potential treatment for AVHs (Brunelin et al., 
2012; Fitzgerald et al., 2014; Fröhlich et al., 2016; Mondino et al., 2016). 
tDCS was performed using an MR-compatible DC-Stimulator MR (neuroConn 
GmbH, Ilmenau, Germany) fitted with two 5 x 7 cm (35 cm2) MR compatible rubber 
electrodes. The anodal electrode was placed with the centre of the pad on an area over 
the pSTG, such that the lower corners of the 7 cm edge of the electrode touched 
points T3 and T5 in the EEG 10-20 system. The cathodal electrode was placed over 
the contralateral orbitofrontal cortex, a site commonly used in tDCS montages for 
placement of the reference electrode (Nitsche et al., 2008; Nitsche & Paulus, 2000) 
such that the centre of the electrode covered point AF8 in the EEG 10-20 system. 
Each electrode was coated with a layer of Ten20 conductive paste (Weaver and 
Company, Aurora, United States of America) at the interface between electrode and 
skin to improve both adhesion and conductivity.  
The study described in article II followed a stratified, randomised, double-blind 
design, with both participants and experimenters blind to the stimulation condition. 
Each subject participated in two MR-scanning sessions with tDCS, one with active 
and one with sham stimulation, separated by a wash-out period of one hour outside of 
the scanner, counterbalanced for order. Double-blinding was performed by having the 
stimulation condition determined by a code, independently predetermined by a 
researcher not present at the stimulation, such that each participant underwent both 
active and sham stimulation conditions and that an equal number of participants 
experienced active and sham stimulation as the first condition.   
Once the electrodes were in place, participants were placed in the scanner with 
electrodes attached but not connected to the stimulation box. Electrodes were then 
connected prior to the spectroscopy acquisition. Once ten minutes of spectroscopy 
had elapsed, stimulation was initiated at the control box located outside the scanner at 
the control room using the appropriate code. Active stimulation was delivered for ten 
minutes with 24 seconds of ramping time both before and after the stimulation period 
at a constant intensity of  2.0 mA. For the sham stimulation condition, intensity was 
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ramped up to 2.0 mA over 24 seconds, then delivered for another 40 seconds before 
being ramped down to zero, giving participants a similar sensation to that they would 
experience during active stimulation. 
3.3.2 Visual Stimulation 
Early investigations into the relationship between neural activity and metabolism with 
positron emission tomography (PET) used visual stimulation to induce activity in the 
primary visual areas in the occipital cortex (OCC), a stimulus-response pair known to 
elicit consistent visual-evoked potentials (Fox & Raichle, 1984, 1985). Subsequent 
fMRI studies established that visual stimulation produced an easily detectable 
increase in the intensity of the MR-signal localised to the OCC (Kwong et al., 1992; 
Ogawa et al., 1992). As described in section 1.2.4 of this thesis, visual stimulation has 
also been the stimulus of choice for many investigations into metabolic changes 
associated with changes in neural activity. The ability for visual stimulation to 
produce a consistent and robust response in both neural activity and metabolism in a 
known region of interest made it an ideal choice for the assessment of the modified 
MRS sequence used in article III.  
A radial red and black checkerboard pattern alternating at a frequency of 8 Hz was 
used as the visual stimulus, a stimulation paradigm previous studies demonstrated to 
induce both measurable neural activity and metabolic changes in the OCC (Ip et al., 
2017; Mangia et al., 2006; Mangia et al., 2007).  
The work of Fox & Raichle (1984, 1985) found that stimulus rate frequency had a 
greater effect on the magnitude of change in cerebral blood flow than stimulus 
luminance, and there was a linear relationship between stimulus frequency and 
change in cerebral blood flow peaking at around 7.8 Hz and declining thereafter, 
making 8 Hz the optimal frequency for an alternating stimulus to induce the largest 
BOLD response. A red and black pattern, such as that used by Mangia et al. (2006) 
was used rather than high contrast black and white as it was found to be less 
strenuous on the eyes and more comfortable for participants.   
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Visual stimulation was delivered through a set of MR-compatible binocular video 
goggles (NordicNeurolab Inc, Bergen, Norway) in blocks of 30 seconds followed by 
1 minute of a white fixation cross on black background, repeated for 8 blocks, with 2 
minutes of fixation cross presented before the first and after the final stimulus 
presentation. 
3.4 MR-Imaging and Spectroscopy 
All imaging and spectroscopy in this study was performed on a 3 T GE 750 
Discovery Scanner from GE Healthcare (General Electric, Milwaukee, United States 
of America) using a standard 8-channel head coil from Invivo (Invivo corp., 
Gainsville, Florida, United States of America). 
3.4.1 Article II Protocol 
Following a 3-plane localiser sequence (2D Spin Echo, TE = 80 ms, FOV = 240 mm, 
slice thickness = 8 mm, slice spacing = 15 mm) a structural anatomical series was 
acquired using a 3D T1 weighted fast spoiled gradient sequence (FSPGR) (number of 
slices = 192, slice thickness = 1.0 mm, repetition time (TR) = 7.8 ms, echo time (TE) 
= 2.95 ms, field of view = 260 × 260 mm2, flip angle = 14 degrees, matrix = 256 × 
256). These structural images were used to position a 24 x 24 x 24 mm3 voxel in the 
left pSTG, centred around the primary auditory cortex, aligned orthogonally in the 
axial scan plane with no angulation. 
For the spectroscopy component of this study, a GABA specific MEGA-PRESS 
sequence (Mescher et al., 1998; Mescher et al., 1996) was used as it provides accurate 
and stable measurements of GABA, as well as a measurement of glutamate and 
glutamine combined as “Glx” (Henry et al., 2011). Spectra were acquired 
continuously using a MEGA-PRESS sequence (TE = 68 ms, TR = 1500 ms, 8-way 
phase cycling, editing at 1.9 and 7.5 ppm in alternating frames) for 628 paired 
repetitions, followed by 16 reference acquisitions without water suppression, for a 
total scan time of 31 minutes and 48 seconds, with tDCS initiated once ten minutes of 
spectroscopy had passed. Following stimulation, ~10 minutes of spectra were 
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acquired in the post-stimulation window in order to assess long term effects of 
stimulation. 
This protocol was repeated twice for each participant, once with active and once with 
sham stimulation, counterbalanced for order, with both experimenters and 
participants blind to the stimulation condition.  
3.4.2 Article III Protocol 
As in article II, a 3-plane localiser sequence (2D Spin Echo, TE = 80 ms, FOV = 240 
mm, slice thickness = 8 mm, slice spacing = 15 mm) was followed by a structural 
anatomical acquisition using a 3D T1 weighted fast spoiled gradient sequence 
(number of slices = 192, slice thickness = 1.0 mm, repetition time (TR) = 7.8 ms, 
echo time (TE) = 2.95 ms, field of view = 260 × 260 mm2, flip angle = 14 degrees, 
matrix = 256 × 256) used to position a 31 x 26 x 24 mm3 voxel in the medial occipital 
cortex, across the longitudinal fissure and angled parallel to the parieto-occipital 
sulcus.  
In this experiment, both a standard short echo time PRESS sequence (TE = 35ms, TR 
= 1500 ms) comprising 620 frames for a total acquisition time of 15 minutes and 30 
seconds and a GABA-specific MEGA-PRESS sequence (TE = 68 ms, TR = 1500 ms) 
of 310 paired acquisitions, also lasting 15 minutes and 30 seconds were used. Both 
sequences were performed consecutively and counterbalanced for order, with half of 
the participants having PRESS spectra acquired first and the other half MEGA-
PRESS first. Both sequences were run with interleaved frames with and without 
water-suppression, providing an updated water reference from which BOLD effects 
could be derived.  
Following spectroscopy, an fMRI acquisition was performed using an echo-planar 
imaging (EPI) sequence (TR = 3000 ms, TE = 30 ms, image matrix = 96 x 96, FOV = 
220 mm, flip angle = 90°, slice thickness = 3.0 mm, slice spacing 0.5 mm). 
 40 
3.5 Spectral Analyses 
3.5.1 Time-Windowing and Block-Averaging Analysis 
In article II a “windowing” method used by (Brix et al., 2017) for investigating 
within-session reproducibility of GABA measurements with MRS was adapted to 
perform time-resolved analyses of MR-spectra. In the original study, long 
acquisitions (20 minutes, 328 averages) were subdivided into smaller blocks to 
produce spectral series equivalent to shorter scan lengths, incorporating between 82 
and 246 averages each. Quantitative analysis was performed on each block, then 
metabolite estimates compared with other blocks from the same acquisition in order 
to determine the effect of increasing the number of averages incorporated into a time-
averaged spectrum on within-session reproducibility. In the present study, continuous 
acquisitions were subdivided into smaller blocks and used to construct a time course 
of metabolic changes, with the quantitative estimate of a metabolite at each time point 
being a weighted average of all metabolite estimates across all blocks of all sizes 
containing that time point.  
Following pre-processing steps; phase adjustment, coil combination and spectral 
realignment, two separate spectral analyses were performed on the spectroscopy data 
acquired for article II, one using the adaptive, multi-resolution “time-windowing” 
approach, the other using a “block-averaging” approach. 
There was some concern that active direct current in the scanner may affect spectral 
quality or produce spectral artefacts, and although none were observed during steady-
state tDCS, artefacts were observed in spectral frames acquired during the ramping 
periods for both the active and sham stimulation conditions and were omitted from all 
subsequent analyses.  
Quantification was performed with LCModel (version 6.3-1J) (Provencher, 1993, 
2001) using a simulated basis set (Dydak et al., 2011) with Kaiser coupling constants 
(Kaiser, Young, Meyerhoff, Mueller, & Matson, 2008) to provide an estimate of 
average levels of GABA+MM (hereafter referred to simply as GABA), glutamate and 
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glutamine measured together as Glx, glutathione (GSH), NAA, and N-acetyl aspartate 
glutamate (NAAG). Metabolite levels were scaled relative to the unsuppressed water 
signal acquired at the end of each spectroscopy sequence. 
For the time-windowing analysis, each continuous acquisition of 620 spectral frames, 
as 310 pairs of ON and OFF MEGA-PRESS spectra (see section 1.2.2), was taken 
and subdivided into contiguous blocks of different lengths and offsets relative to the 
start of the scan and subjected to quantification in LCModel. From this, a smoothed 
time course was constructed where for each time point in the curve, a quantitative 
estimate was made as an aggregate of all estimates from blocks containing that time 
point, weighted according to quality of fit (Figure 10). 
 
Figure 10 - Time windowing method schematic: The complete scan (blue) 
is subdivided into smaller blocks of different sizes (red, yellow and green) 
and different offsets relative to the beginning of the scan. A time course of 
the metabolite concentration is then produced (red curve) where the 
concentration at each time point is calculated as an average of all blocks 
containing that time point, weighted according to quality of fit. 
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Amid concerns that the time-windowing approach may have had a “smoothing” 
effect on the data, making small, acute changes difficult to detect, an alternate “block-
averaging” analysis was performed. Two block-averaging analyses were performed 
for each participant, one with three time points and the other with five. Taking this 
approach, each continuous spectrum was first subdivided into three equal blocks of 
approximately 200 frames, not including those excluded due to spectral artefacts, 
comprising one pre-, during- and post-stimulation block. Each block was then 
subjected to quantitative analysis in LCModel to produce quantitative estimates at 
three time points. The during- and post- stimulation blocks were further subdivided 
into two blocks of approximately 100 frames each to produce a total of five time 
points: one pre-, two during- and two post-stimulation also analysed with LCModel. 
3.5.2 BOLD-fMRI and Functional Spectroscopy 
The purpose of the study presented in article III was to determine whether an MRS 
sequence could be used to measure both neural activity and metabolic changes by 
using the unsuppressed water signal as an indirect measurement of the BOLD-effect. 
Thus, the analysis of spectra acquired in this experiment may be divided into analysis 
of the BOLD-effect and analysis of biochemical changes.  
For analysis of the BOLD-effect, FWHM values from the unsuppressed water signal 
were used to produce a time course of the average response for each 90 second 
stimulation block for each subject. The time course was constructed using a 
Gaussian-weighted combination of between 60 and 100 time points of the FWHM of 
the unsuppressed water signal to produce a smoothed curve, reflecting the change in 
FWHM of the unsuppressed water signal over the course of each 90 second 
stimulation block, including both active and rest periods.  
Correlation analysis was performed between the average of all time courses for all 
participants and a model of the predicted haemodynamic response based on the 
canonical haemodynamic response function (HRF) from the Statistical Parametrical 
Mapping (SPM12) software toolkit. 
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For the analysis of biochemical changes, following phase adjustment, coil 
combination and realignment, spectral frames were separated into those acquired 
during stimulation blocks (active) and those collected before, between and after 
stimulation blocks (rest) to produce two time-averaged spectra per acquisition; one 
active and one rest spectrum. Thus, for each subject, four spectra were created, one 
active and one rest spectrum for the PRESS sequence and one active and one rest 
spectrum for the MEGA-PRESS sequence. Quantitative analysis was then performed 
for each spectrum using LCModel using a simulated basis set (Dydak et al., 2011) 
with Kaiser coupling constants (Kaiser et al., 2008).  
Due to aberrant and inconsistent results in quantitative analyses of the PRESS 
spectra, they were excluded from subsequent analyses and the results from this study 
focus solely on spectra acquired using the MEGA-PRESS sequence and quantitative 
measures of glx, GABA and NAA from the difference edited spectrum and glx, 
NAA, choline, creatine, lactate and glucose from the OFF spectrum.   
For analysis of the BOLD-fMRI data, all fMRI volumes acquired using the EPI 
sequence were first converted from DICOM to NIfTI format using the dcm2nii 
program (http://people.cas.sc.edu/rorden/mricron/dcm2nii.html). Preprocessing of the 
converted images was performed using the Matlab/SPM based toolbox CONN 
(Whitfield-Gabrieli & Nieto-Castanon, 2012). Volumes were realigned to the first 
volume in each set and unwarped to correct for subject motion (Friston et al., 1995) 
then spatially normalised to an EPI template based on the Montreal Neurological 
Institute (MNI) standard reference brain (Evans et al., 1992). Images were finally 
smoothed through spatial convolution with a 5 mm Gaussian kernel. Following pre-
processing, beta values were extracted from a region of interest defined by a mask 
based on the placement of the spectroscopy voxel for each participant, using an in-
house script drawing on the tools for NIfTI and ANALYZE image toolbox 
(https://se.mathworks.com/matlabcentral/fileexchange/8797-tools-for-nifti-and-
analyze-image). For each participant three measurements were calculated from the 
BOLD signal for the whole acquisition: the average signal intensity during active 
blocks, rest blocks and the difference between active and rest blocks. 
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3.6 Statistical Analyses  
All statistical analyses for articles II and III were performed using R (R Development 
Core Team, 2016). 
In article II, for the 3- and 5-point analyses, a linear mixed effects model analysis was 
performed using the nlme package (Pinheiro, Bates, DebRoy, Sarkar, & Team, 2016) 
to examine the effect of tDCS on the concentrations of NAA, Glx and GABA, over 
time. The model specified the two groups of participants (active-first and sham-first) 
and time period as fixed effects, as well as an interaction effect between the two, and 
the subject as a random effect. This model was also used to investigate crossover 
effects between the active and sham stimulation conditions due to the within-subject 
design of the study, to determine whether order of stimulation, active first or sham 
first, may have had any significant effect on results and whether the stimulation 
condition in the first session had any lasting effect on the second. 
In article III, a repeated measures t-test was performed on the metabolite data, 
comparing LCModel estimates for all measured metabolites between the rest and 
active conditions for each participant. For analyses of relationships between 
measurements of the BOLD effect and metabolic changes between the active and rest 
blocks, a correlation analysis was performed using the differences in all measured 
metabolite levels and BOLD signal changes as measured with fMRI between the 
active and rest blocks.  
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4. Results 
4.1 Article I 
The final review covered 41 articles in four categories: NAA (9 articles), Glutamate 
and Glutamine (23 articles), GABA (7 articles) and GSH (2 articles).  
Irrespective of differences in acquisition parameters, experimental methodologies or 
heterogeneity amongst patient groups between studies, lower levels of NAA were 
consistently measured in schizophrenia patients compared to control subjects. 
However, there is evidence to suggest that changes in cellular environment may 
affect the T2 times of NAA, more so than other MRS visible metabolites, and that the 
TE of pulse sequence used should be taken into consideration when interpreting 
results, as it may bias quantitative estimates. Additionally, given the role of N-
acetylaspartylglutamate (NAAG) in regulating glutamatergic and GABAergic 
transmission, and the implication of these pathways in the pathophysiology of 
schizophrenia, future studies may benefit from investigating whether changes in 
NAA as measured with MRS are being driven by changes in the NAAG component 
of the measured signal by utilising sequences that may distinguish NAA from 
NAAG.  
A large number of articles reviewed found reductions in either glutamate or glx, 
depending on the experimental design, in most regions of interest measured with the 
exception of the frontal lobe, where glx levels were found to be increased in patients 
with frequent and severe AVHs. One of the problems with reporting results relating 
to changes in the glx signal is that changes may be incorrectly attributed to changes in 
the glutamate component of the glx signal, or alternatively, covarying changes in 
glutamate and glutamine in opposite directions may not be detected as a change in the 
composite signal. Distinguishing glutamate from glutamine is difficult, particularly at 
field strengths of 3 T and less, but possible with the use of specialised sequences, 
many of which have been suggested, but there is little consensus regarding which 
may be the optimal method. Studies involving schizophrenia patients using sequences 
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that did distinguish between glutamate and glutamine often found increases in 
glutamine, or in the glutamine fraction of the glutamine/glutamate ratio, suggesting 
that increases in glx may be driven by increases in the glutamine fraction.  
Unlike NAA, and glutamate and glutamine, no global increase or decrease in GABA 
levels were found in schizophrenia patients compared to controls. MEGA-PRESS 
remains the method of choice for detecting GABA levels at field strengths of 3 T and 
less, but it should be noted that unless otherwise specified, or that suppression 
techniques have been implemented, GABA levels as measured the MEGA-PRESS 
sequences and TE = 68 ms are unavoidably contaminated by an as yet unidentified 
macromolecule resonance at 1.7 ppm. Though changes in the signal may be attributed 
to changes in GABA, and changes are often in line with results predicted by the 
experimental hypothesis, it cannot by conclusively ruled out that changes are solely 
due to GABA and not the macromolecule. Several approaches to macromolecule 
suppression have been suggested, but where these have not been applied, results 
should ideally be reported with the caveat that the signals measured contain co-edited 
contributions from an unidentified macromolecule.  
Like GABA, glutathione (GSH) may be measured with the MEGA-PRESS sequence 
at field strengths of 3 T or less, but there was no clear consensus regarding the 
optimal echo time for GSH (TE = 120 or 130 ms). The HERMES (Hadamard 
Encoding and Reconstruction of MEGA-Edited Spectroscopy) sequence may allow 
simultaneous editing of both GABA and GSH, allowing quantitative analyses of both 
to be performed.  
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4.2 Article II 
 
Figure 11 - GABA/NAA ratio as measured with time-windowing method 
Preliminary analyses using the time windowing method (Figure 11) revealed no 
significant changes in GABA levels and were not subject to any further statistical 
analyses.  
The linear mixed effects model on the 3- and 5-point analyses revealed no significant 
fluctuations in any of the metabolites of interest between any time points. Crossover 
analysis found no significant effects, indicating both that the order in which 
participants received the two different stimulation conditions had no significant effect 
on results and that there were no crossover effects from the first session significantly 
affecting the second. Finally, there was no significant difference in the change 
between groups over time, indicating no difference in fluctuations for any of the 
metabolite levels between active and sham conditions.  
4.3 Article III 
The fMRI data showed that the visual stimulation paradigm used induced neural 
activity within the region of interest with a mean difference in intensity between the 
active and rest blocks of 1.219 that was significant (t(15) = 6.622, p < 0.001, 95% CI 
=0.827, 1.612). 
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Linewidth changes in the unsuppressed water signal showed a very strong correlation 
with the predicted haemodynamic response function (r = -0.980, t(59) = -33.426, p < 
0.001, 95% CI = -0.985, -0.958) with a change in mean FWHM between the active 
and rest blocks of 1.2% (Figure 12).  
 
Figure 12 - Time resolved analysis of changes in FWHM of unsuppressed 
water signal compared to predicted haemodynamic response function 
(HRF) between active blocks (grey background) and rest blocks (white 
background) (from Article III). 
 
Repeated measures t-tests showed no significant differences in GABA (t(15) = -
1.367, p = 0.192, 95% CI = -0.157, 0.034) or Glx levels, whether measured from the 
difference spectra (t(15) = -1.134, p = 0.275, 95% CI = -0.376, 0.115) or the OFF 
spectra (t(16) = 0.007, p = 0.995, 95% CI = -0.376, 0.378)  between the active and 
rest conditions, but that a small but very significant difference in creatine (t(17) = 
3.153, p = 0.006, 95% CI = 0.031, 0.159) and choline (t(17) = 2.537, p = 0.021, 95% 
CI = 0.003, 0.038) was measured. 
Correlation analysis on the difference in BOLD signal and metabolite levels between 
the active and rest conditions revealed a strong, significant correlation between Glx 
as measured from the off spectra and the BOLD signal (r = 0.661, t(13) = 3.174, p = 
0.007, 95% CI = 0.225, 0.876) and a strong and significant negative correlation 
between Glx as measured from the off spectra with GABA measurements (r = -0.557, 
t(13) = -2.420, p = 0.031, 95% CI = -0.832, -0.063).  
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5. Discussion 
The purpose of this thesis was to evaluate new approaches to MRS allowing 
improved temporal resolution and simultaneous measurement of neural activity and 
associated biochemical changes, with a specific focus on measuring Glx and GABA 
with the MEGA-PRESS sequence at 3 T, for application in the investigation of the 
pathophysiology of auditory-verbal hallucinations. Although no patients were 
involved, and this thesis was largely concerned with evaluating approaches to spectral 
analysis, the view to future applications in patients with auditory-verbal 
hallucinations influenced much of the experimental design and the work described in 
articles I and II.  
Neither the time-windowing analysis, nor the 3- or 5-point analyses used in article II 
revealed any significant changes in any of the metabolites of interest in response to 
either active or sham stimulation. Considering the results, it was deemed 
inappropriate to include two analysis methods where neither showed a clear 
advantage over the other. Thus, the time-windowing method described in section 
3.5.1 was omitted from the published article. It is important to note, however, that the 
omission of the results of the time-windowing approach do not represent a failure of 
the method, but rather that given the results of the experiment, it was more 
appropriate to present results from a more well-established approach than an 
experimental one. It is still believed that the time-windowing approach holds much 
potential, and that more experiments should be conducted to evaluate its 
performance.  
The modified MEGA-PRESS sequence used in article III found no significant 
changes in Glx or GABA levels between the active and rest conditions, but did 
measure small but significant changes in creatine and choline. While this small but 
significant increase in two otherwise notoriously stable metabolites is most likely due 
to interference from the BOLD effect, the lack of any significant correlation between 
the differences in the BOLD signal and the differences in choline and creatine make 
the exact nature of these changes difficult to determine. Strong, significant 
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correlations were seen between Glx as measured from the OFF spectra and both the 
BOLD signal as measured with fMRI and with the GABA signal as measured from 
the difference edited spectra, consistent with previous findings that Glx levels appear 
to correlate positively (Apšvalka et al., 2015; Bednařík et al., 2015; Cleve et al., 
2015; Gussew et al., 2010; Ip et al., 2017; Lin et al., 2012; Mekle et al., 2017) and 
GABA levels negatively (Bednařík et al., 2015; Chen et al., 2017; Cleve et al., 2015; 
Just & Sonnay, 2017; Lin et al., 2012; Mekle et al., 2017) with either neural activity 
or a task/stimulus positive condition. However, these correlations were only seen 
with Glx as measured from the OFF spectra and not the difference spectra. Both 
spectra have effectively measured the same metabolites at the same time, but the 
appearance of such a strong correlation using one method and not another raises 
questions as to which method may be more reliable, and whether the OFF spectra 
may be more sensitive to small changes in metabolite levels than the difference 
spectrum.  
In a review of Ian Hacking’s “Representing and intervening” (1983), Franklin (1984) 
raises the question “How do we validate observations that may only be made with 
one technique?” In his book, Hacking discusses how most modern scientific 
experiments depend on some sort of complex apparatus involved in the process of 
observation, e.g. an electron microscope or, in the case of this study, an NMR-
spectrometer. Normally two different experimental procedures provide more 
evidence to support a hypothesis than repetitions of the experiment using the same 
procedure (Franklin & Howson, 1984). However, Franklin believes that reliance on 
extrapolation is “notoriously dangerous” and that a well corroborated theory of the 
apparatus is essential to validating findings made with the apparatus. Furthermore, 
one must be careful to distinguish between the theory of the apparatus and the theory 
of the phenomena, using the example that the use of a mercury thermometer in the 
investigation of whether an object’s volume increases with temperature is 
objectionable, as the apparatus itself depends on the phenomenon under investigation.  
Under this framework, the MR-scanner may be considered the apparatus and 
magnetic resonance the phenomenon under observation. The theory of magnetic 
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resonance and spectroscopy is will established, and has since its Nobel prize winning 
discovery in 1952 become a powerful tool in the field of analytical chemistry. The 
ability to use different kinds of apparatus to measure the same phenomenon presents 
one of the great problems in working with MRS, as there exists no practical 
alternative method for measuring dynamic changes in the metabolites of interest in 
the brain in vivo. Thus, evaluating the apparatus depends on the manipulation of two 
key parameters: The apparatus, namely the MR-scanner and the sequence parameters 
used, and the phenomenon, or the use of stimulation to manipulate levels of 
metabolites producing the resonance signals measured.  
5.1 Limitations of MRS 
5.1.1 Difference Spectra vs. OFF Spectra 
Perhaps one of the greatest limitations to this project is that the experiments described 
in articles II and III present results obtained using the MEGA-PRESS sequence only. 
The ability to measure Glx and GABA simultaneously at 3 T made use of the 
MEGA-PRESS sequence both judicious and appropriate with respect to the aims of 
the project, but the results of the experiment performed in article III calls the 
reliability of quantitative estimates from the difference spectra into question.  
Despite studies showing the MEGA-PRESS sequence to be comparable to standard 
short echo time PRESS sequences for quantitative estimates using the Glx signal 
(Henry et al., 2011; Nezhad et al., 2018) an investigation conducted by Maddock, 
Caton, and Ragland (2018) compared Glx as measured from the difference and OFF 
spectra using a GABA-optimised MEGA-PRESS sequence with measures of Glx 
using a glutamate-optimised PRESS sequence and found that estimates taken from 
the OFF spectra corresponded to PRESS values whereas those taken from the 
difference spectra did not. Furthermore, these discrepancies could not be attributed to 
factors such as frequency drift or differences in the basis sets used and the reason 
behind them remains somewhat unclear. The results presented in article III also found 
a moderate, but not significant correlation between GABA from the difference 
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spectrum and NAA from the OFF spectrum (r = 0.500, t(12) = 2.000, p = 0.069, 95% 
CI = -0.042, 0.815) but not with NAA from the difference spectrum suggesting that 
this phenomenon is not related to Glx specifically, but all measurements from the 
difference spectrum. However, as no reliable GABA measurement could be drawn 
from the OFF spectra, it remains unclear to what extent GABA signals in the 
difference spectra may be affected.  
This finding raises two important issues regarding functional spectroscopy using 
MEGA-editing: Firstly, regarding reliability of quantitative estimates based on the 
difference spectra and secondly, where two methods for measuring the same 
phenomenon lack concordance, which may be considered more reliable without an 
alternative method for its measurement? The findings of Maddock et al. (2018) 
demonstrate only agreement between the OFF spectra Glx signals and glutamate 
optimised PRESS, but there is no way to determine which of the available methods 
may be more accurate when performing in vivo measurements. The correlations 
found with the OFF spectra Glx measurements are more consistent with previous 
findings, but again, this is largely a comparison between measurements taken from 
edited and unedited spectra across different pulse sequence parameters and scanner 
field strengths. The best evidence to suggest that the OFF spectra may be more 
reliable is the observation that the OFF spectra measurements of Glx showed a 
strong, positive correlation with the BOLD signal, consistent with current 
understanding of the physiological basis of the BOLD signal (Logothetis et al., 2001) 
however, for future applications of spectral editing in a functional capacity, this 
phenomenon warrants further investigation.  
Alternatives for measuring GABA at 3 T without spectral editing do exist, such as the 
STEAM sequence (TE = 20 ms) as used by Kupers et al. (2009) and SPECIAL 
sequence (TE = 8.5 ms) used by Kühn et al. (2016), both of which were able to 
measure large, significant changes in GABA in the ACC, but neither of which is as 
well established or as well validated as the MEGA-PRESS technique.  
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5.1.2 Metabolite Quantification 
As described in section 1.2.3, quantitative analysis of MR-Spectra is based, in 
principle, on the magnitude of a resonance signal relative to a reference signal, 
typically water or creatine. Although notorious for being a stable metabolite in the 
brain, reporting metabolite levels as a ratio relative to creatine may not be appropriate 
for certain applications as it has been shown to be affected by some pathologies and 
is susceptible to the influence of sex hormones (Hjelmervik et al., 2018). Comparison 
between quantitative measurements of GABA using MEGA-PRESS (TE = 68) was 
performed using both creatine at 24 independent sites (Mikkelsen et al., 2017) and 
water at 25 independent sites (Mikkelsen et al., 2019) finding comparable levels of 
variance in both measures. Currently, no one approach to quantification may be 
considered optimal, but rather appropriate to the experimental aims and design, and 
should be taken into consideration when interpreting results.  
The issue of how to quantify metabolites is further complicated in functional 
spectroscopy studies, as it may become difficult to disentangle a true change in 
metabolite levels from changes in the estimated integrated area of the spectral peak 
due to BOLD interference.  
In both experiments presented in this thesis, metabolite levels were quantified relative 
to an unsuppressed water signal acquired at the end of each spectral acquisition. 
Though this is common practice, the drawback to this approach in a functional 
paradigm is that comparing a dynamic signal to a stationary one means that two 
groups of signals, affected to different degrees by BOLD interference, are compared 
to a static, unaffected signal, increases the propensity for a “false positive” change to 
be detected. Conversely, using an internal reference such as creatine, it may difficult 
to determine a change if a change in the reference metabolite level has occurred 
which may lead to diminished or exacerbated differences in the apparent metabolite 
levels depending on the direction of the changes relative to the change in the 
reference. Given the susceptibility of both methods to error, metabolite levels were 
first calculated relative to the water signal acquired at the end of the acquisition as 
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this was this was the most commonly practiced method for MRS analysis and most 
prone to a “false positive” style of error. Should the results suggest interference or 
error, an alternative method would be investigated.  
The lack of any significant changes measured in the tDCS experiment suggested no 
reason for alternative analysis. The small but significant changes in creatine and 
choline levels between active and rest conditions observed in the experiment 
presented in article III suggested possible BOLD interference, but the lack of 
correlation between the changes in creatine and the BOLD signal means that the 
nature of this change remains inconclusive. Furthermore, no significant changes were 
observed for NAA, also observed to exhibit similar stability (Stagg & Rothman, 
2014) nor were any correlations observed between NAA and the BOLD signal. 
Though not presented in the article, or in this thesis, an analysis was performed using 
creatine as a reference, as it was believed that where both the creatine, Glx and 
GABA signals were subject to the same interference, it may help disentangle true 
changes in metabolite levels from BOLD interference. Analysis of metabolite levels 
measured relative to creatine revealed no significant changes in any of the 
metabolites of interest were measured between the active and rest conditions, 
including choline which had changed significantly when measured relative to water. 
Correlation analysis also revealed a strong, positive correlation between the Glx/Cr 
ratio and the BOLD signal (r = 0.629, t(13) = 2.917, p = 0.012, 95% CI = 0.172, 
0.863) but also revealed a moderate, but not significant, correlation between Glx/Cr 
and GABA/Cr (r = 0.400, t(13) = 1.575, p = 0.139, 95% CI = -0.141, 0.757). 
As mentioned in section 5, with no alternative measure to determine which of these 
two approaches may be more accurate, either method could have been presented and 
appropriately justified. Ultimately, the decision to present the results using the water 
reference was made based on water referencing being the preferred method amongst 
similar studies, allowing for more consistent comparison of results, and that the 
results from this approach were more consistent with previous findings, namely that 
changes in Glx correlated positively with the BOLD signal, and GABA negatively 
 55 
with Glx. It should be noted that consistency is not equivalent to accuracy, and that 
all results should be interpreted in light of the quantification method used.  
Another problem affecting metabolite quantification in the experiment presented in 
article II involves the experimental design. Participants were stimulated in blocks of 
30 seconds with one minute of rest in between, with 2 minutes of rest before the first 
block and after the last. The effect of this is that the rest spectra have more spectral 
frames incorporated into the time-averaged spectra produced for each condition and 
subsequently, a higher SNR than the active spectra. The work of Brix et al. (2017) 
determined that for MEGA-PRESS (TE = 68 ms) in the OCC, the optimum scan 
length was 218 repetitions, or roughly 11 minutes with a repetition time of 1500 ms, 
above which inclusion of more spectral frames did not significantly improve SNR. 
Under each active visual stimulation block, with a repetition time of 1500 ms, 20 
spectral frames were acquired. Every third of these was acquired without water 
suppression, leaving 14 frames per stimulation block and a total of 112 to contribute 
to the final active spectrum, equivalent to a total scan time of 2:48. It should be 
stressed that 218 was the optimal number, and that SNR improved significantly above 
110 frames. Despite its apparent shortness, there was no evidence to suggest that the 
SNR of the active spectra were too low to achieve a reliable quantitative estimate, 
only that the SNR of the rest spectra were invariably higher.  
5.2 Stimulation 
As stated in section 3.3, the evaluation of the analysis methods presented in this thesis 
depended on some stimulus being able to induce a change that could be measured. It 
is believed that the absence of any significant changes measured between active or 
stimulus positive and rest or stimulus negative conditions may be due to the nature of 
the stimulus used rather than a fault of the analysis method.  
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5.2.1 Biochemical Changes and tDCS 
tDCS was chosen as the stimulus for evaluating the time-windowing method in article 
II for two reasons: Firstly, previous studies showed it to have a measurable effect on 
GABA and Glx levels at the site of stimulation (Clark et al., 2011; Hone-Blanchet et 
al., 2016; Kim et al., 2014; Stagg et al., 2009) and secondly, it provided a way to 
reliably and consistently deliver the same stimulus to an area of choice in each 
participant. Given that the purpose of this project overall was to optimise a method 
for investigation into the pathophysiology of auditory verbal hallucinations, it was 
advantageous to have a stimulus that could directly facilitate biochemical changes in 
an area of interest, namely the pSTG.  
The problem was that the changes in GABA and Glx levels found by other studies 
were found in other cortical areas, namely the motor cortex (Kim et al., 2014; Stagg 
et al., 2009), intraparietal (Clark et al., 2011) and prefrontal (Hone-Blanchet et al., 
2016) cortices. The study presented in article II was, at the time of publication and to 
the best of the author’s knowledge, the first to investigate biochemical changes in the 
pSTG. To reiterate the words of Franklin (1984) that reliance on extrapolation is 
“notoriously dangerous”, it was assumed at the time that the effect of tDCS on 
GABA and Glx levels was global, and that active, anodal stimulation would increase 
Glx levels and decrease GABA levels but it should not have been taken for granted 
that all areas would respond in the same manner (Woods et al., 2016). The work of 
Westwood, Olson, Miall, Nappo, and Romani (2017) found that anodal tDCS in the 
temporal gyrus produced no change in performance on a range of reading and naming 
tasks, suggesting that the temporal gyrus may not be as susceptible to tDCS as other 
cortical areas. Thus, while the study presented in article II may prove useful for 
understanding of the effects of tDCS, the effectiveness of the time-windowing 
method remains inconclusive.  
5.2.2 Visual Stimulation  
One of the issues regarding the tDCS study in article II was that it was based on an 
assumption, that tDCS would elicit a biochemical response in the pSTG. For 
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evaluating the spectroscopy method described in article III, the experiment was 
designed to make as few assumption as possible, and to use a stimulus that had been 
demonstrated to unambiguously elicit neural activity and a biochemical response in 
an area of the brain where a spectroscopy voxel could be placed without concerns of 
being too close to bone, fluid or air or other elements that may cause spectral 
artefacts. The reasons for the red-black checkerboard design used in article III are 
outlined in section 3.3.2, and while this stimulus was appropriate for eliciting neural 
activity and a BOLD response, it may not have been the optimal method for eliciting 
an accompanying biochemical response.  
Despite the intention to design an experiment based on others that had shown positive 
changes in both neural activity and Glx, glutamate or GABA levels, two key 
differences between the experiment presented in article III and the studies that 
influenced its design are that the majority of the studies stimulated participants in 
blocks of five minutes or longer, with the notable exception of Ip et al. (2017) where 
participants were stimulated in one minute blocks, and that a large number of these 
studies were performed at 7 T (Bednařík et al., 2015; Lin et al., 2012; Mangia et al., 
2006; Mangia et al., 2007; Mekle et al., 2017; Schaller et al., 2013). Taken together, 
these differences suggest two possibilities: Firstly, that the SNR in the active spectra 
was too low to resolve changes in metabolite levels from noise, and that the changes 
in glutamate measured in studies where participants were stimulated for longer blocks 
(≥ 5 mins) are more closely related to changes in energy metabolism than 
neurotransmission. Both are possible.  
The mean change in glutamate in OCC in response to photic stimulation was found to 
be around 3% (Mullins, 2018). The intrinsically higher SNR at 7 T allows for higher 
sensitivity to small changes and this, coupled with the aforementioned loss of SNR 
due to the low number of frames incorporated into the active spectra, may suggest 
that SNR was simply too low to adequately quantify glx levels in the active 
conditions. However, a strong positive correlation was still able to be detected 
between Glx levels and the BOLD signal, and as mentioned previously, there was no 
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evidence based on the spectral quality metrics to suggest SNR was too low for 
adequate quantitative analysis.  
Schaller et al. (2014) suggest that increases in glutamate and lactate as measured with 
MRS at 7 T are ubiquitous to increased neural activity in the brain, with the increase 
in lactate representing an upregulation of non-oxidative metabolism. Though not 
reported in article III, changes in lactate were also assessed, but not found to change 
significantly between the active and rest groups (t(15) = 0.715, p = 0.486,  
95% CI = -0.082, 0.164). Though this observation suggests no measurable increase in 
non-oxidative metabolism in the region of interest, a BOLD effect was measured by 
both fMRI and the changes in the linewidth of the water signal. Taken together, this 
suggests that the experimental design stimulated the area of interest sufficiently to 
induce an increase in neural activity, but not enough to cause a shift in energy 
metabolism, making it ideal for disentangling changes in glutamate related to 
neurotransmission from those related to energy metabolism, but not for evaluating the 
spectroscopy method.  
5.3 The Nature of Metabolic Changes 
Beyond the duration of stimulation blocks and the SNR of acquired spectra, two more 
important factors that have been demonstrated to influence both the magnitude and 
nature of metabolic changes measured with functional MRS include how stimulation 
is presented, i.e. block- vs. event related design, and from where in the brain spectra 
are acquired.  
The use of block designs in fMRI and, subsequently, fMRS experiments is largely 
influenced by its established use in PET experiments (Amaro & Barker, 2006). A 
comparison between block- and event related experimental designs in how glutamate 
or Glx levels change with stimulation found an astonishing difference of an average 
increase of 4.749% (±1.45%) for block designs and 13.429% (±3.59) in studies using 
event related paradigms (Mullins, 2018). Furthermore, studies measuring changes in 
the OCC in response to visual stimulation tend to show a much smaller response, 
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with a mean increase of glutamate of 2.318% (±1.227%) compared to painful stimuli, 
where the mean increase in glutamate was 14.458% (±3.736%). It should be noted 
that of the articles reviewed by Mullins (2018), none of those investigating responses 
to visual stimulation in the OCC used an event-related design, those using an event-
related design in the lateral occipital cortex (LOC) measured changes in response to 
an object recognition task (Apšvalka et al., 2015; Lally et al., 2014) and those using 
an event-related design investigated changes in response to pain in the insula 
(Gussew et al., 2010) and anterior cingulate cortex (ACC) (Cleve et al., 2015).   
Between the active blocks in the experiment in article III, participants were presented 
with a white fixation cross. The fMRI acquisition and the change in the linewidth of 
the unsuppressed water signal both show a change in neural activity, but the fact that 
at all times the participant was engaged in the act of some form of visual stimulation 
means that the primary visual processing areas in the OCC were likely engaged 
throughout the experiment, and that the change in activity measured is relative. The 
insula and ACC on the other hand are components of the extrinsic mode network 
(EMN) (Hugdahl, Raichle, Mitra, & Specht, 2015), a generalised network that is up-
regulated in response to tasks that exceed a particular cognitive demand and/or 
require the processing of novel information, that has been defined as a complement to 
the default mode network (DMN), which is preferentially active when individuals are 
not focused on the external environment and does not include the insula or ACC 
(Buckner, Andrews-Hanna, & Schacter, 2008).  
Taken together, the findings of Mullins (2018) and the experiments presented in this 
thesis suggest that independent of the stimulus presentation design or field strength of 
the scanner used, the larger changes in glutamate observed may not only reflect 
increases in activity, but perhaps the up-regulation of the EMN in response to 
increased cognitive load above a certain threshold.  
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6. Conclusion and Future Perspectives 
This thesis presents new approaches to the use of MR-spectroscopy in the 
investigation of the pathophysiology of auditory-verbal hallucinations with two 
potentially useful methods for both the analysis of MR-spectra in a time-resolved 
manner, and the simultaneous measurement of neural activity and quantitative 
measurement of metabolic activity.  
The findings of the review article suggest that further investigation into the 
pathophysiology of schizophrenia may benefit from the use of sequences allowing the 
discrimination of metabolites often measured together as a composite signal, such as 
the distinction between NAA and NAAG and between glutamate and glutamine 
instead of the Glx signal.  
While the MEGA-editing method remains the method of choice for the detection of 
GABA, even at field strengths higher than 3 T, the findings presented in article III 
suggest that difference edited spectra may not be as reliable nor as sensitive to small 
changes in metabolite levels as unedited spectra. Options for quantitative analyses of 
GABA without the use of spectral editing warrant further investigation.  
Finally, future studies evaluating methods for functional or time-resolved 
spectroscopy would benefit from experimental designs used to elicit the largest 
biochemical response possible before further refinement. Ideal approaches suggest 
acquiring spectra from the ACC or insula, or other region associated with the EMN 
coupled with either a painful stimulus, or one shown to cross the threshold of 
cognitive demand for up-regulation of the EMN.  
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A number of studies investigating the biological effects of transcranial direct current
stimulation (tDCS) using magnetic resonance spectroscopy (MRS) have found that
it may affect local levels of γ-aminobutyric acid (GABA), glutamate and glutamine
(commonly measured together as “Glx” in spectroscopy), and N-acetyl aspartate (NAA),
however, these effects depend largely on the stimulation parameters used and the
cortical area targeted. Given that different cortical areas may respond to stimulation in
different ways, the purpose of this experiment was to assess the as yet unexplored
biological effects of tDCS in the posterior superior temporal gyrus (pSTG), an area
that has attracted some attention as a potential target for the treatment of auditory
verbal hallucinations in schizophrenia patients. Biochemical changes were monitored
using continuous, online MRS at a field strength of 3 Tesla. Performing intrascanner
stimulation, with continuous spectroscopy before, during and after stimulation, permitted
the assessment of acute effects of tDCS that would otherwise be lost when simply
comparing pre- and post-stimulation differences. Twenty healthy participants underwent
a repeated-measures experiment in which they received both active anodal and
sham intrascanner stimulation in a stratified, randomized, double-blind experiment. No
significant changes in GABA, Glx, or NAA levels were observed as a result of anodal
stimulation, or between active and sham stimulation, suggesting that a single session
of anodal tDCS to the pSTG may be less effective than in other cortical areas that have
been similarly investigated.
Keywords: tDCS, GABA, Glultamate, magnetic resonance spectroscopy, MRS
INTRODUCTION
Transcranial direct current stimulation (tDCS) is a non-invasive neurostimulation technique that
uses constant, low level (0.5–2.0mA) direct current to modulate cortical excitability in a polarity
dependent manner (1). Nitsche and Paulus (2) used the magnitude of motor-evoked potentials
(MEP) as generated by transcranial magnetic stimulation (TMS) as an indication of changes in
excitability and found that tDCS was able to induce changes in excitability of up to 40%, with
anodal stimulation having an excitatory effect, and cathodal stimulation having an inhibitory
Dwyer et al. tDCS No Effect in pSTG
effect. Subsequent studies showed that effects may outlast
the duration of stimulation, with short applications inducing
excitability shifts during stimulation, and ∼10min or more of
stimulation producing persistant effects lasting up to 90min after
current flow has ceased (3) suggesting that tDCS has the ability
to induce long term potentiation (LTP)-like effects on synaptic
plasticity (4).
Due to its purported effects on excitability and synaptic
plasticity, tDCS has been investigated as a potential treatment
for a range of neurological and psychiatric disorders such as
Parkinson’s disease (5), depression (6), and for the treatment
of auditory verbal hallucinations in schziophrenia. A case
reported by Homan et al. (7) found that cathodal tDCS halfway
between T3 and P3 in the 10–20 electroencephelography (EEG)
system was successful in alleviating both hallucinations (−60%
Hallucination Change Scale (HCS) score) and global symptoms
(−20% Postive and Negative Syndrome Scale (PANSS) score).
A randomized control trial conducted by Brunelin et al. (8)
using a similar stimulation paradigm at 2.0mA also showed
improvement in hallucinations (−31% Auditory Hallucination
Rating Scale (AHRS) score) and global symptoms (−13%
PANSS score). Subsequent studies, using similar stimulation
parameters have found both reductions (9) and no significant
differences (10, 11) in symptoms. While tDCS shows great
promise as a potential treatment for schizophrenia, the
lack of consistent findings between these studies highlight
the need for a deeper understanding of the effects of
tDCS.
Although generally accepted that anodal stimulation
typically facilitates excitability and cathodal stimulation inhibits
excitability (12), studies have shown that the effects of tDCS on
excitability are not so simplistic, and depend on a number of
factors such as electrode size and placement, stimulation intensity
and duration, as well as the orientation of neurons relative to
the stimulating electrodes (12–14). Furthermore, Batsikadze
et al. (15) found that while 20min of cathodal stimulation at
1.0mA had an inhibitory effect, 20min of cathodal stimulation
at 2.0mA had an excitatory effect, increasing the magnitude
of measured MEPs. Esmaeilpour et al. (16) showed that the
dose-response relationship in tDCS is not necessarily linear,
and that although increasing current produces a corresponding
increase in brain electric field, it may not necessarily enhance a
neurophysiological, behavioral or clinical outcome. As Woods
et al. (14) caution, it cannot be taken for granted that what
is effective in a particular cortical area is transferable and
applicable to others, rather recommending a “titration” of
parameters.
Abbreviations: BOLD, Blood Oxygen Level Dependent; EEG,
Electroencephalography; ERETIC, Electronic reference to access in vivo
concentrations; FWHM, Full width at half maximum; GABA, Gamma-
aminobutyric acid; Glx, Glutamate and glutamine; GSH, Glutathione; LTP,
Long-term potentiation; MEGA-PRESS, Mescher-Garwood point resolved
spectroscopy; MEP, Motor evoked potential; MRS, Magnetic Resonance
Spectroscopy; NAA, N-acetylaspartate; NAAG, N-acetylaspartylglutamate;
pSTG, Posterior superior temporal gyrus; tDCS, Transcranial direct current
stimulation; TE, Echo time; TMS, Transcranial Magnetic Stimulation; TR,
Repetition time
Despite the observed effectiveness of tDCS, the exact
mechanisms by which it works are not yet fully understood.
Horvath et al. (17) show that changes in cognitive effects alone
may be an unreliable measure of effectiveness. Computational
forward models and simulations have been useful in imaging
current flow, aiding in the design of stimulation paradigms (18)
but do not provide information about neuronal responses to
delivered current or whether the effect is excitatory or inhibitory
in nature.
Krause et al. (19) suggest that tDCS may modulate the
excitation/inhibition balance, that is, the relative contributions of
excitatory and inhibitory inputs to a neural circuit corresponding
to a neuronal event. Using in vivo magnetic resonance
spectroscopy (MRS), the excitation-inhibition balance may
be characterized in terms of the local concentrations of
the excitatory neurotransmitter glutamate and inhibitory
neurotransmitter gamma-aminobutyric acid (GABA). Studies
that have used MRS to investigate the effect of tDCS have found
anodal tDCS to reduce local cortical GABA concentration in the
motor cortex (20, 21) and to increase local concentrations of
glutamate and glutamine, measured together as “Glx,” and N-
acetyl aspartate (NAA) in the intraparietal and prefrontal cortices
(22, 23), the observed reduction in inhibitory neurotransmitter
levels and concurrent increases in excitatory neurotransmitter
levels being consistent with the facilitatory nature of anodal
stimulation. Thus, in vivo MRS provides a window into the
biochemical events underlying tDCS that may also be used
as a biomarker indicating the effectiveness and nature of a
stimulation paradigm.
In this study, MRS was used to investigate the acute
biochemical effects of tDCS in validating its potential for
use as a treatment for auditory-verbal hallucinations in
schizophrenia. However, rather than simply comparing pre-
and post-stimulation spectral acquisitions, biochemical changes
were measured continuously using online MRS in a manner
similar to those used by Bachtiar et al. (24) and Hone-Blanchet
et al. (23). By acquiring spectra continuously over the course
of stimulation, spectral frames could be combined in such
a way that metabolite levels could be measured and tracked
before, during and post stimulation, allowing better insight
into the acute effects of stimulation as opposed to the lasting
effects. Findings in other cortical areas suggest that if anodal
tDCS were to have a similar effect on the local excitation-
inhibition balance, it may bemeasured as a statistically significant
increase in Glx and NAA levels (22, 25) and decrease in
GABA levels (20, 21, 24) and that these changes would be
significantly different under active stimulation when compared to
sham.
MATERIALS AND METHODS
This study was carried out in accordance with the
recommendations and ethical approval of the regional committee
for medical and health research ethics (REK-Vest) REK case
number 2013/2342. All subjects gave written informed consent
in accordance with the Declaration of Helsinki and the
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guidelines drawn up by The Norwegian National Research Ethics
Committee for medical and health research (NEM).
Participants
Twenty healthy participants (mean age: 25 years, range: 19–32;
10 male) participated in the study. All participants were required
to complete a Norwegian language version of the Edinburgh
handedness inventory (26) to determine right-handedness in
an attempt to control for issues related to lateralization of
cortical areas, such that stimulation in the left hemisphere affects
approximately the same functional area in each participant. The
test assessed dominance of right and left hand in performing
10 everyday activities to produce a score ranging between −100
(exclusively left handed) and +100 (exclusively right handed),
participants with a score greater than +40 were considered
to be right handed and were permitted into the study (mean
score: +80, SD: 24). Based on self-report, participants were free
from psychiatric and neurologic conditions and had not used
any psychoactive/psychotropic substances, including no smoking
or other tobacco based or nicotine containing products, for 6
months prior to participating in the experiment. Participants
were also instructed not to consume alcohol for at least 24 h prior
to participation.
Data from one female participant was omitted from final
analyses due to abnormally high measurements of Glx more
than three standard deviations above the group mean (Glx levels
almost 5 times higher than average values), suggesting an error in
spectral acquisition.
tDCS Stimulation
Stimulation was performed using an MR-compatible DC-
Stimulator MR (neuroConn GmbH, Ilmenau, Germany) fitted
with two 5 × 7 cm (35 cm2) MR compatible rubber electrodes.
Given that the motivation for this study was the potential for
tDCS to be used as a treatment for schizophrenia, stimulation
parameters were chosen to emulate those used in previous
studies. Intensity was set at 2.0mA (27) and although the
majority of studies using tDCS as a treatment for auditory-verbal
hallucinations have stimulated for 20min, the prohibitively long
scan time this would necessitate in order to have three equally
long spectroscopy windows meant that stimulation had to be
limited to 10min. The anodal electrode was placed with the
center of the pad on an area over the pSTG, such that the
lower corners of the 7 cm edge of the electrode touch points
T3 and T5 in the EEG 10-20 system. The cathodal electrode
was placed over the contralateral orbitofrontal cortex, a site
commonly used in tDCSmontages for placement of the reference
electrode (2, 12) such that the center of the electrode covered
point AF8 in the EEG 10–20 system. Each electrode was coated
with a layer of Ten20 conductive paste (Weaver and Company,
Aurora, United States of America) at the interface between
electrode and skin to improve both adhesion and conductivity.
Once the electrodes were in place, participants were placed
in the scanner with electrodes attached but not connected to
the stimulation box. Electrodes were only connected prior to
spectroscopy sequences.
This study followed a stratified, randomized, double-blind
design, with both participants and experimenters blind to the
stimulation condition. Each subject participated in two MR-
scanning sessions with tDCS: one with active and one with sham
stimulation, separated by a wash-out period of 1 h outside of the
scanner (12, 28) counterbalanced for order. Double-blinding was
performed by having the stimulation condition determined by a
code, independently predetermined by a researcher not present
at the stimulation, such that each participant underwent both
active and sham stimulation conditions and that equal numbers
experienced active and sham stimulation as the first condition.
MR-Imaging and Spectroscopy
All imaging and spectroscopy was performed on a 3 T GE
750 Discovery Scanner from GE Healthcare (General Electric,
Milwaukee, United States of America) using a standard 8-
channel head coil from Invivo (Invivo corp., Gainsville, Florida,
United States of America).
Following a 3-plane localizer sequence (2D Spin Echo,
TE = 80ms, FOV = 240mm, slice thickness = 8mm, slice
spacing= 15mm) structural anatomical imaging was performed
using a 3D T1 weighted fast spoiled gradient sequence (FSPGR)
(number of slices= 192, slice thickness= 1.0mm, repetition time
(TR) = 7.8ms, echo time (TE) = 2.95ms, field of view = 260
× 260 mm2, flip angle = 14 degrees, matrix = 256 × 256).
These structural images were used to position a 24 × 24 × 24
mm3 voxel for the spectroscopy component of this experiment
in the left pSTG, centered around the primary auditory cortex,
aligned orthogonally in the axial scan plane with no angulation
(Figure 1).
Since the aim of this study was to characterize acute
biochemical changes in terms of the excitation-inhibition
balance, a GABA specific MEGA-PRESS sequence (29) was used
as it provides accurate and stable measurements of GABA, as
well as a measurement of glutamate and glutamine combined
as “Glx” (30). Spectroscopy was performed using a MEGA-
PRESS sequence (TE = 68ms, TR = 1,500ms, 8-way phase
cycling, editing at 1.9 and 7.5 ppm in alternating frames) of
628 paired repetitions, followed by 16 unsuppressed reference
acquisitions for a total scan time of 31min and 48 s. Once 10min
of spectroscopy had elapsed, stimulation was initiated at the
control box located outside the scanner at the control room.
Active stimulation was delivered for 10min with 24 s of ramping
time both before and after the stimulation/sham period at a
constant intensity of 2.0mA. For the sham stimulation condition,
intensity was ramped up to 2.0mA over 24 s, then delivered
for another 40 s, before being ramped down to zero, giving
participants a similar sensation to that they would experience
during active stimulation. Spectroscopy acquisition continued
for 10min in order to assess post-stimulation effects (Figure 2).
Spectral Analysis
While no spectral artifacts were observed during steady-state
tDCS stimulation, mild artifacts were seen in spectral frames
acquired during the ramping periods for both active and sham
stimulation. Frames from these periods were omitted from all
subsequent analyses.
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FIGURE 1 | Voxel placement in the pSTG in one participant: Sagittal (left), axial (middle), and coronal (right) views overlayed on an anatomical scan.
FIGURE 2 | tDCS and MRS: Each participant received both active and sham stimulation, separated by a washout period of 1 h, counterbalanced for order. 24 s of
ramping up and down were incorporated into both active and sham stimulation. MRS was acquired constantly throughout each session. The pre-, during, and
post-stimulation spectroscopy windows did not include frames acquired during ramping.
Following phase adjustment, coil combination, and
realignment, each continuous acquisition was first subdivided
into three smaller blocks of ∼10min, with exact length
depending on how many frames were excluded due to ramping
artifacts, comprising a pre-, during-, and post stimulation block
for each session, hereafter referred to as a three point analysis.
Frames within each block were then averaged together and
within each block, ON, and OFF spectrum pairs were subtracted
to produce a difference spectrum then subjected to quantitative
analysis with LCModel (version 6.3-1J) (31, 32) using a simulated
basis set (33) with Kaiser coupling constants (34) to provide an
estimate of average levels of GABA, glutamate and glutamine
measured together as Glx, glutathione (GSH), NAA, and N-
acetyl aspartate glutamate (NAAG). Metabolite levels were scaled
relative to the unsuppressed water signal acquired at the end of
each spectroscopy sequence.
One issue that affects MEGA-edited GABA spectroscopy
is co-editing of macromolecule (MM) resonances at 1.7 ppm
contaminating the GABA signal in the difference spectrum.
GABA, in this report, refers to both GABA and the co-edited
macromolecule, typically denoted GABA+ (35).
To further investigate acute effects of tDCS, and eliminate
the possibility short-lived metabolic fluctuations being obscured
through averaging, a second analysis was performed in which the
during- and post-stimulation blocks were further subdivided into
two smaller windows in an attempt to uncover any changes in
metabolite concentration during this period, thus providing five
time points over the acquisition, hereafter referred to as the five
point analysis: one 10min pre-stimulation window, two 5min
during-, and two 5min post-stimulation windows.
MRS signals have been demonstrated to be susceptible to line-
broadening artifacts associated with local blood-oxygen-level
dependent (BOLD) effects (36). As an indication of potential
BOLD interference, the full width at half maximum (FWHM)
values as determined by LCModel were used as a measure
of quality control, to ensure the MRS signal had not been
significantly affected between time points.
Statistical Analysis
Statistical analyses were performed using R (37) and the nlme
package (38) to perform a linear mixed effects model analysis
of the effect of tDCS on the concentrations of three metabolites
of interest, namely NAA, Glx, and GABA, over time. This
model specified two groups of participants (active-first and
sham-first) and time period as fixed effects as well as an
interaction effect between the two, with the subject as a random
effect. This model was also used to investigate crossover effects
between the active and sham stimulation conditions due to
the within-subject design of the study, to determine whether
order of stimulation, active first or sham first, may have had
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FIGURE 3 | MEGA-PRESS spectra from one participant showing spectra acquired during the pre-stimulation window (top, blue) during stimulation (middle, red) and
post-stimulation (bottom, green).
any significant effect on results and whether the stimulation
condition in the first session had any lasting effect on the second.
The same model was used for both the 3-point and 5-point
analyses.
RESULTS
Sample spectra from the three-point analysis of an individual
participant are shown in Figure 3 along with spectral quality
metrics for all participants in Table 1. A linear mixed effects
model of the average metabolite concentration across three
time windows (pre-, during-, and post-stimulation) revealed
no significant fluctuations in any of the metabolites of interest
between any time points (Figure 4 and Appendix A). Similarly,
no significant fluctuations in any of the metabolites of interest
were found between any time points in the five-time point
analysis (Figure 4 and Appendix B).
No significant crossover effects were found (Figure 4,
Appendices A, B) indicating both that the order in which
participants received the two different stimulation conditions had
no significant effect on results and that there were no crossover
effects from the first session significantly affecting the second.
There was no significant difference in the change between groups
over time, indicating no difference in fluctuations for any of the
metabolite levels between active and sham conditions.
The FWHM as reported by LCModel was used as an
indication of potential BOLD interference (Tables 2, 3), but
saw very little fluctuation between time points, making BOLD
interference an unlikely source of error.
DISCUSSION
Themontage and stimulation parameters used in this experiment
did not induce a statistically significant effect on Glx, GABA, or
NAA levels as measured with the MRS sequence used, and there
was no significant difference in response observed between the
active and sham stimulation conditions.
The active hypothesis for this experiment was informed by
previous studies in which active anodal stimulation was found to
be associated with increases in Glx and NAA levels (22, 23) and
decreases in GABA levels (20, 21, 24) as measured by MRS. In
comparing these studies with the findings presented here, there
are three key elements to be considered, namely the stimulation
parameters, the MRS acquisition parameters and the site of
stimulation and spectroscopy.
As stated in section tDCS Stimulation, due to
limitations of the experimental design, stimulation
could only be delivered for 10min as opposed
to the 20min previously used in the treatment of schizophrenia
symptoms. Although as little as 7min of stimulation has been
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shown to induce lasting effects after stimulation has ceased (39),
it cannot be taken for granted that the 10min delivered in this
session was sufficient to induce a change. While the stimulation
window was shorter than the 30min used by both Clark et al.
TABLE 1 | Spectral Quality: FWHM, SNR, and mean %CRLB for GABA and Glx
for each stimulation window.
Window FWHM (Hz) SNR Mean GABA Mean Glx
%CRLB %CRLB
Pre Stim 8.22 ± 2.34 20.47 ± 4.71 5.12 4.54
During Stim 8.39 ± 2.41 20.83 ± 4.20 5.16 4.41
Post Stim 8.03 ± 2.18 21.67 ± 4.04 4.91 4.24
(22) and Hone-Blanchet et al. (23) and the 20min and 15min
used by Bachtiar et al. (24) and Kim et al. (20), respectively,
Stagg et al. (21) were able to detect significant changes in GABA
and Glx levels in the left sensorimotor cortex using a similar
TABLE 2 | Average FWHM and standard deviation (sd) as estimated by LCModel
for the 3-point analysis.
Mean FWHM−3-point analysis (Hz)
Pre sd During sd Post sd
Active 7.95 1.86 7.98 1.79 7.59 1.38
Sham 8.46 2.24 8.64 2.24 8.32 2.30
FIGURE 4 | Linear mixed effects model of GABA (upper row), Glx (middle row) and NAA (lower row) levels in the pSTG for both the first and second sessions using
both 3-point (left) and 5-point (right) analyses. p-values shown above each plot indicate significance of interaction effects at each time point relative to baseline.
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TABLE 3 | Average FWHM and standard deviation (sd) as estimated by LCModel for the 5-point analysis.
Mean FWHM−5-point analysis (Hz)
Pre sd During1 sd During2 sd Post1 Sd Post2 sd
Active 7.95 1.86 8.00 1.77 7.94 1.69 7.74 1.73 7.77 1.55
Sham 8.46 2.24 8.50 0.02 8.46 2.06 8.28 2.42 8.46 1.96
MEGA-PRESS sequence at 3 T given only 10min of anodal
stimulation at 1.0mA. The findings of Batsikadze et al. (15) and
Esmaeilpour et al. (16) suggest it is possible that stimulating
at 2.0mA had a different effect to the one predicted. However,
studies conducted by Brunelin et al. (8) and Mondino et al.
(9) both found significant reductions in symptoms of auditory-
verbal hallucinations using stimulation in this area following
cathodal stimulation at 2.0mA, suggesting an issue more likely
related to electrode polarity than stimulation intensity. While
no significant changes, nor non-significant tendencies toward
changes in any of the metabolites under investigation were
seen during stimulation, even in the five-point analysis, it is
unlikely that allowing a full 20min of stimulation would induce
a measureable effect, though it cannot be ruled out conclusively.
One of the unique features of this study was the use of
continuous, online MRS as opposed to separate acquisitions.
While Hone-Blanchet et al. (23) also acquired spectra during
stimulation, also using a MEGA-PRESS sequence with an echo
time of 68ms and 11min acquisition blocks, their study does
not include a pre-stimulation window. Similarly, Clark et al. (22)
acquired multiple spectra during the pre- and post-stimulation
windows, also using a MEGA-PRESS sequence with an echo
time of 68ms, but with spectra acquired sequentially rather than
continuously in blocks of 4min and 48 s. While there is little
difference in terms of the resultant spectra whether acquired
continuously or sequentially, acquiring separate scans may
introduce more variability as each pre-scan affects parameters
such as shim, gain adjustment and center-frequency tuning
between each segment. It may be considered more robust to
acquire all spectra with the same parameters, as was done in
this study with single continuous acquisitions. Compared with
previous studies using similar sequences, comparable or shorter
acquisition times, and smaller voxel sizes, i.e., 20 × 20 × 20
mm3 (21, 22, 24), there is little evidence to suggest an error in
the MRS acquisition. Intuitively, a larger voxel size provides a
higher signal-to-noise ratio, but may come at the expense of some
focality in terms of covering the site of stimulation. It is possible
that the larger voxel size used in this studymay have incorporated
spectra from cells not affected by stimulation. However, the voxel
dimensions are still small compared to the surface area of the
stimulating electrode, and tDCS is not a particularly focused
stimulation technique.
The most significant difference between this study and other
studies that have measured biochemical changes associated with
tDCS with MRS is the cortical region being investigated, both
as a stimulation site and volume of interest in spectroscopy.
As Woods et al. (14) illustrated, it cannot be taken for granted
that all cortical areas will respond to stimulation in the same
manner, and compared to areas such as the sensorimotor cortex
and frontal areas such as the dorsolateral prefrontal cortex,
the temporoparietal and temporal regions have not been quite
as thoroughly investigated. One study investigating the use
of anodal tDCS in an adjacent cortical area, namely the left
mid-posterior temporal gyrus, on improving performance in
a range or reading and naming tasks (40) did not find any
significant improvement in performance. Although different
stimulation parameters were used, the agreement between the
null-findings of this and the present study suggest it is possible
that the pSTG and adjacent areas in the region, are not as
responsive to anodal stimulation as other areas that have been
investigated, but that the effectiveness of tDCS as a treatment
for hallucinations is based on its ability to modulate over-active
areas in the brain with cathodal stimulation. That is to say,
anodal stimulation may not affect excitability in the pSTG, but
cathodal stimulation may be effective in modulating activity in
over-active or pathologically active networks such as those that
might be associated with hallucinations. Computer modeling
may be able to determine whether the responsiveness of this
cortical area may be due to anatomical features such as skull
thickness or cerebrospinal fluid density. It may be of interest
to repeat a similar experiment looking at the effects of cathodal
stimulation in this area in conjunction with computer models
that may be able to determine whether the absence of an observed
affect may be attributed to issues of anatomy and current
flow.
In an investigation into the effect of active, intrascanner tDCS
on the BOLD response as measured with functional MRI, Antal
et al. (41) found that the presence of an electric current in the
magnetic field inside an MRI scanner produces artifacts that may
result in confounding false-positive activity patterns. While mild
artifacts were observed during the ramping periods before and
after stimulation, and these spectral frames were removed from
subsequent analyses, there were no artifacts observed during
active or sham stimulation periods. Furthermore, there were no
statistically significant differences observed between the pre- and
post-stimulation windows, where no ongoing active or sham
stimulation was present. This, coupled with the findings of
previous studies using online MRS acquired during stimulation
(23, 24) suggest that interfence caused by ongoing intrascanner
tDCS during spectral acquisition is not a likely source of
error.
Another potential explanation for the null findings of
this experiment is insufficient power as a result of too few
participants. An analysis conducted in G∗Power (42) determined
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there were enough participants to detect at least a medium sized
effect (i.e., effect size > 0.6, 1-β = 0.8, α = 0.05). Many of the
studies that have previously investigated biochemical effects of
tDCS have noted significant findings with smaller sample sizes
than the 19 used in this study, including N = 12 (22), N = 17
(23), and N = 11 (21). To this end it is believed that the study
was sufficiently powered, in terms of the participant sample
size, to detect a comparable effect. One of the problems with
statistical power as outlined by Button et al. (43) is that while
problems of low statistical power are typically associated with
reduced chances of detecting a true effect, they may also reduce
the likelihood of a statistically significant result being indicative
of a true effect. That is, finding false positive effects due to inflated
effect sizes. As Westwood et al. (40) illustrate, while it may be
of value to include more participants in future studies, it calls
the effectiveness of a single session of tDCS into question if the
effects are so small. Referring to a meta-analysis in preparation,
Westwood et al. (40) discuss an analysis of pooled studies looking
at anodal stimulation in the frontal and temporal lobes which
produced a sample size of almost 200 participants in which there
was still no evidence of an effect of a single session of tDCS. In
light of this, it is not believed that an increased sample size would
have improved the outcome of this experiment.
One problem affecting the spectroscopy aspect of this study
is that of how to quantify metabolite levels. Typical methods
make use of water as an endogenous reference, or report the
concentration as a ratio relative to an internal reference such
as creatine or NAA. While creatine is typically favored as an
internal reference (44) its use is complicated when using the
MEGA-PRESS sequence as creatine signals are eliminated during
subtraction and are not present in the difference edited spectrum,
though they may be recovered from the spectra acquired without
an editing pulse (commonly referred to as the “OFF” spectrum in
the spectral pairs used to create the difference spectrum). NAA
was not used as an internal reference as it has been demonstrated
to be affected by anodal tDCS (22, 23), although no changes in
NAA levels were measured over the course of the acquisition. The
use of water as an endogenous reference can be problematic for
studies such as this that attempt to measure metabolic changes in
a dynamic manner, i.e., in relation to activity over time, as MRS
signals have been shown to be susceptible to line-broadening
artifacts associated with local BOLD effects (36). Using a fixed
water reference taken at the end of the acquisition, as was done in
this study, the reference signal was not subject to fluctuations as
the result of a BOLD effect throughout the scan as themetabolites
of interest were, i.e., comparing an unchanging reference to a
signal subject to interferencemay increase the likelihood of a false
change being detected. As a single, fixed water reference was used,
it is difficult to decisively rule out any incidental BOLD-related
fluctuations. However, such fluctuations would likely be manifest
across all metabolites in the FWHM estimate given by LCModel,
which is not seen in our data (Tables 2, 3), making it unlikely to
be a significant source of error. Ideally, an experiment such as this
would benefit from the use of external referencing, such as the
Electronic Reference To access in vivo Concentrations (ERETIC)
method (45, 46).
In interpreting these findings, it is important to consider that
tDCS is regarded as a neuromodulatory technique, it does not
induce activity or action potentials, but rather facilitates increases
or decreases in neuronal excitability. Bikson and Rahman
(47) discuss the idea of activity-selectivity and task-specific
modulation, that is, that tDCS will preferentially modulate a
neuronal network that is already active, while not modulating a
separate network that is inactive. One of the problems with the
region of interest in this study is that it contains the primary
auditory cortex and adjacent areas responsible for the sensation
of sound and processing of speech (48). While other paradigms
have investigated cortical areas that may be associated with a task,
e.g., the primarymotor cortex and force adaptation task (20), that
may distinguish between blocks of activity and rest, the auditory
cortex will experience ongoing sensory input during scanning. It
is possible that no biochemical changes were observed between
blocks as the local cortical circuit was already in an active state
during the pre-stimulation window and that tDCS was not able
to drive a higher level of activity.
In conclusion, using continuous online MRS, no significant
change in the levels of Glx, GABA, or NAA in the left pSTG was
observed that could be attributed to an effect of active, anodal
tDCS. Despite this, the method provides a useful insight into the
acute effects of stimulation paradigms and their effect on local
neuronal circuitry. Further research investigating an effect of
tDCS in this area suggests performing a similar experiment using
cathodal tDCS, redesigning the experiment to allow 20min of
stimulation, perhaps combining this experiment with computer
models and also using an external referencing method to avoid
possible confounding variables associated with how metabolite
levels are measured.
AUTHOR CONTRIBUTIONS
GD, AC, MH, KK, KH, and RG were involved in the conception
and design of the study. GD, AC, MH, and KK contributed
to planning and performing of the experiments. AC performed
the spectral analysis component of this study. JA performed
statistical analyses. LE contributed to acquisition of MR-Spectra.
GD wrote the manuscript with the assistance and critical
feedback of all contributing authors.
FUNDING
The current research was partly funded by grants from the
Research Council of Norway (#221550), European Research
Council, ERC (#693124), and the Health Authority of Western
Norway (#911783) to KH; the Bergen Research Foundation
(grant BFS2016REK03) to MH; and Norway Grants (EMP180)
to KK.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2018.01145/full#supplementary-material
Frontiers in Neurology | www.frontiersin.org 8 January 2019 | Volume 9 | Article 1145
Dwyer et al. tDCS No Effect in pSTG
REFERENCES
1. Zaghi S, Acar M, Hultgren B, Boggio PS, Fregni F. Noninvasive brain
stimulation with low-intensity electrical currents: putative mechanisms of
action for direct and alternating current stimulation. Neuroscientist (2010)
16:285–307. doi: 10.1177/1073858409336227
2. Nitsche MA, Paulus W. Excitability changes induced in the human motor
cortex by weak transcranial direct current stimulation. J Physiol. (2000)
527:633–9. doi: 10.1111/j.1469-7793.2000.t01-1-00633.x
3. Nitsche MA, Paulus W. Sustained excitability elevations induced by
transcranial DC motor cortex stimulation in humans. Neurology (2001)
57:1899. doi: 10.1212/WNL.57.10.1899
4. Stagg CJ, Nitsche MA. Physiological basis of transcranial direct current
stimulation. Neuroscientist (2011) 17:37–53. doi: 10.1177/10738584103
86614
5. Benninger DH, Hallett M. Non-invasive brain stimulation for Parkinson’s
disease: current concepts and outlook 2015. NeuroRehabilitation (2015)
37:11–24. doi: 10.3233/NRE-151237
6. Brunoni AR, Moffa AH, Fregni F, Palm U, Padberg F, Blumberger DM, et al.
Transcranial direct current stimulation for acute major depressive episodes:
meta-analysis of individual patient data. Br J Psychiatry (2016) 208:522–31.
doi: 10.1192/bjp.bp.115.164715
7. Homan P, Kindler J, Federspiel A, Flury R, Hubl D, Hauf M, et al. Muting
the voice: a case of arterial spin labeling-monitored transcranial direct current
stimulation treatment of auditory verbal hallucinations. Am J Psychiatry
(2011) 168:853–4. doi: 10.1176/appi.ajp.2011.11030496
8. Brunelin J, Mondino M, Gassab L, Haesebaert F, Gaha L, Suaud-Chagny
M-F, et al. Examining transcranial Direct-Current Stimulation (tDCS) as
a treatment for hallucinations in schizophrenia. Am J Psychiatry (2012)
169:719–24. doi: 10.1176/appi.ajp.2012.11071091
9. Mondino M, Jardri R, Suaud-Chagny M-F, Saoud M, Poulet E, Brunelin J.
Effects of fronto-temporal transcranial direct current stimulation on auditory
verbal hallucinations and resting-state functional connectivity of the left
temporo-parietal junction in patients with schizophrenia. Schizophr Bull.
(2016) 42:318–26. doi: 10.1093/schbul/sbv114
10. Fitzgerald PB, McQueen S, Daskalakis ZJ, Hoy KE. A negative pilot study of
daily bimodal transcranial direct current stimulation in schizophrenia. Brain
Stimul. (2014) 7:813–6. doi: 10.1016/j.brs.2014.08.002
11. Fröhlich F, Burrello TN,Mellin JM, Cordle AL, Lustenberger CM, Gilmore JH,
et al. Exploratory study of once-daily transcranial direct current stimulation
(tDCS) as a treatment for auditory hallucinations in schizophrenia. Eur
Psychiatry (2016) 33:54–60. doi: 10.1016/j.eurpsy.2015.11.005
12. Nitsche MA, Cohen LG, Wassermann EM, Priori A, Lang N, Antal A, et al.
Transcranial direct current stimulation: state of the art 2008. Brain Stimul.
(2008) 1:206–23. doi: 10.1016/j.brs.2008.06.004
13. Radman T, Ramos RL, Brumberg JC, Bikson M. Role of cortical
cell type and morphology in subthreshold and suprathreshold uniform
electric field stimulation in vitro. Brain Stimul. (2009) 2:215–28.e3.
doi: 10.1016/j.brs.2009.03.007
14. Woods AJ, Antal A, Bikson M, Boggio PS, Brunoni AR, Celnik P, et al.
A technical guide to tDCS, and related non-invasive brain stimulation
tools. Clin Neurophysiol. (2016) 127:1031–48. doi: 10.1016/j.clinph.2015.
11.012
15. Batsikadze G, Moliadze V, Paulus W, Kuo MF, Nitsche MA. Partially non-
linear stimulation intensity-dependent effects of direct current stimulation
on motor cortex excitability in humans. J Physiol. (2013) 591:1987–2000.
doi: 10.1113/jphysiol.2012.249730
16. Esmaeilpour Z, Marangolo P, Hampstead BM, Bestmann S, Galletta
E, Knotkova H, et al. Incomplete evidence that increasing current
intensity of tDCS boosts outcomes. Brain Stimul. (2018) 11:310–21.
doi: 10.1016/j.brs.2017.12.002
17. Horvath JC, Forte JD, Carter O. Quantitative review finds no evidence of
cognitive effects in healthy populations from single-session transcranial
Direct Current Stimulation (tDCS). Brain Stimul. (2015) 8:535–50.
doi: 10.1016/j.brs.2015.01.400
18. Bikson M, Rahman A, Datta A. Computational models of transcranial
direct current stimulation. Clin EEG Neurosci. (2012) 43:176–83.
doi: 10.1177/1550059412445138
19. Krause B, Márquez-Ruiz J, Cohen Kadosh R. The effect of transcranial direct
current stimulation: a role for cortical excitation/inhibition balance? Front
Hum Neurosci. (2013) 7:602. doi: 10.3389/fnhum.2013.00602
20. Kim S, Stephenson MC, Morris PG, Jackson SR. tDCS-induced alterations
in GABA concentration within primary motor cortex predict motor learning
andmotormemory: a 7Tmagnetic resonance spectroscopy study.Neuroimage
(2014) 99:237–43. doi: 10.1016/j.neuroimage.2014.05.070
21. Stagg CJ, Best JG, Stephenson MC, Shea J, Wylezinska M, Kincses
ZT, et al. Polarity-sensitive modulation of cortical neurotransmitters
by transcranial stimulation. J Neurosci. (2009) 29:5202–6.
doi: 10.1523/JNEUROSCI.4432-08.2009
22. Clark VP, Coffman BA, Trumbo MC, Gasparovic C. Transcranial direct
current stimulation (tDCS) produces localized and specific alterations in
neurochemistry: a 1H magnetic resonance spectroscopy study. Neurosci Lett.
(2011) 500:67–71. doi: 10.1016/j.neulet.2011.05.244
23. Hone-Blanchet A, Edden RA, Fecteau S. Online effects of transcranial
direct current stimulation in real time on human prefrontal and striatal
metabolites. Biol Psychiatry (2016) 80:432–8. doi: 10.1016/j.biopsych.2015.
11.008
24. Bachtiar V, Near J, Johansen-Berg H, Stagg CJ. Modulation of GABA and
resting state functional connectivity by transcranial direct current stimulation.
Elife (2015) 4:e08789. doi: 10.7554/eLife.08789
25. Hone-Blanchet A, Fecteau, S. Chapter 15 - The use of non-invasive
brain stimulation in drug addictions. In: Kadosh RC, editor. The
Stimulated Brain. San Diego, CA: Academic Press. (2014). p. 425–452.
doi: 10.1016/B978-0-12-404704-4.00015-6
26. Oldfield RC. The assessment and analysis of handedness:
the Edinburgh inventory. Neuropsychologia (1971) 9:97–113.
doi: 10.1016/0028-3932(71)90067-4
27. Mondino M, Bennabi D, Poulet E, Galvao F, Brunelin J, Haffen E. Can
transcranial direct current stimulation (tDCS) alleviate symptoms and
improve cognition in psychiatric disorders? World J Biol Psychiatry (2014)
15:261–75. doi: 10.3109/15622975.2013.876514
28. Nitsche MA, Seeber A, Frommann K, Klein CC, Rochford C, Nitsche MS,
et al. Modulating parameters of excitability during and after transcranial direct
current stimulation of the humanmotor cortex. J Physiol. (2005) 568:291–303.
doi: 10.1113/jphysiol.2005.092429
29. Mescher M, Merkle H, Kirsch J, Garwood M, Gruetter R. Simultaneous in
vivo spectral editing and water suppression. NMR Biomed. (1998) 11:266–72.
doi: 10.1002/(SICI)1099-1492(199810)11:6<266::AID-NBM530>3.0.CO;2-J
30. Henry ME, Lauriat TL, Shanahan M, Renshaw PF, Jensen JE. Accuracy and
stability of measuring GABA, glutamate, and glutamine by proton magnetic
resonance spectroscopy: a phantom study at 4Tesla. J Magn Reson. (2011)
208:210–8. doi: 10.1016/j.jmr.2010.11.003
31. Provencher SW. Estimation of metabolite concentrations from localized
in vivo proton NMR spectra. Magn Reson Med. (1993) 30:672–9.
doi: 10.1002/mrm.1910300604
32. Provencher SW. Automatic quantitation of localized in vivo 1H spectra with
LCModel. NMR Biomed. (2001) 14:260–4. doi: 10.1002/nbm.698
33. Dydak U, Jiang Y-M, Long L-L, Zhu H, Chen J, Li W-M, et al. In
vivo measurement of brain GABA concentrations by magnetic resonance
spectroscopy in smelters occupationally exposed to manganese. Environ
Health Perspect. (2011) 119:219–24. doi: 10.1289/ehp.1002192
34. Kaiser LG, Young K, Meyerhoff DJ, Mueller SG, Matson GB. A detailed
analysis of localized J-difference GABA editing: theoretical and experimental
study at 4 T. NMR Biomed. (2008) 21:22–32. doi: 10.1002/nbm.1150
35. Edden RAE, Puts NAJ, Barker PB. Macromolecule-suppressed GABA-edited
magnetic resonance spectroscopy at 3T. Magn Reson Med. (2012) 68:657–61.
doi: 10.1002/mrm.24391
36. Zhu X-H, ChenW. Observed BOLD effects on cerebral metabolite resonances
in human visual cortex during visual stimulation: a functional 1H MRS study
at 4 T.Magn Reson Med. (2001) 46:841–7. doi: 10.1002/mrm.1267
37. R Development Core Team. R: A Language and Environment for Statistical
Computing. Vienna: R Foundation for Statistical Computing. (2016). Available
online at: https://www.R-project.org/
38. Pinheiro J, Bates D, DebRoy S, Sarkar D, TeamRC. nlme: Linear andNonlinear
Mixed Effects Models: R Package Version 3.1-128. (2016). Available online at:
http://CRAN.R-project.org/package=nlme
Frontiers in Neurology | www.frontiersin.org 9 January 2019 | Volume 9 | Article 1145
Dwyer et al. tDCS No Effect in pSTG
39. Horvath JC, Forte JD, Carter O. Evidence that transcranial direct current
stimulation (tDCS) generates little-to-no reliable neurophysiologic
effect beyond MEP amplitude modulation in healthy human
subjects: a systematic review. Neuropsychologia (2015) 66:213–36.
doi: 10.1016/j.neuropsychologia.2014.11.021
40. Westwood SJ, Olson A, Miall RC, Nappo R, Romani C. Limits to tDCS
effects in language: failures to modulate word production in healthy
participants with frontal or temporal tDCS. Cortex (2017) 86:64–82.
doi: 10.1016/j.cortex.2016.10.016
41. Antal A, Bikson M, Datta A, Lafon B, Dechent P, Parra LC, et al. Imaging
artifacts induced by electrical stimulation during conventional fMRI of the
brain. Neuroimage (2014) 85:1040–7. doi: 10.1016/j.neuroimage.2012.10.026
42. Faul F, Erdfelder E, Lang A-G, Buchner A. G∗Power 3: a flexible statistical
power analysis program for the social, behavioral, and biomedical sciences.
Behav Res Methods (2007) 39:175–91. doi: 10.3758/BF03193146
43. Button KS, Ioannidis JPA, Mokrysz C, Nosek BA, Flint J, Robinson ESJ,
et al. Power failure: why small sample size undermines the reliability of
neuroscience. Nat Rev Neurosci. (2013) 14:365–76. doi: 10.1038/nrn3475
44. Bottomley PA, Griffiths JR. Handbook of Magnetic Resonance Spectroscopy in
vivo: MRS Theory, Practice and Applications. Chichester: John Wiley & Sons
Ltd. (2016).
45. Barantin L, Pape AL, Akoka S. A new method for absolute
quantitation MRS metabolites. Magn Reson Med. (1997) 38:179–82.
doi: 10.1002/mrm.1910380203
46. Heinzer-Schweizer S, De Zanche N, Pavan M, Mens G, Sturzenegger U,
Henning A, et al. In-vivo assessment of tissue metabolite levels using
1H MRS and the Electric REference to access in vivo concentrations
(ERETIC) method. NMR Biomed. (2010) 23:406–13. doi: 10.1002/
nbm.1476
47. BiksonM, RahmanA. Origins of specificity during tDCS: anatomical, activity-
selective, and input-bias mechanisms. Front Hum Neurosci. (2013) 7:688.
doi: 10.3389/fnhum.2013.00688
48. Winer JA, Schreiner CE. The Auditory Cortex. New York, NY: Springer US.
(2010).
Conflict of Interest Statement: We wish to draw to the attention of the Editor
that co-authors AC, LE, KH, and RG have shares in the company NordicNeuroLab
A/S which produces add-on equipment for MRI examinations that were used in
this study.
The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.
Copyright © 2019 Dwyer, Craven, Hirnstein, Kompus, Assmus, Ersland, Hugdahl
and Grüner. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s)
and the copyright owner(s) are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these
terms.
Frontiers in Neurology | www.frontiersin.org 10 January 2019 | Volume 9 | Article 1145

 I 
Doctoral Theses at The Faculty of Psychology, 
 University of Bergen 
 
 
 
1980 
 
 
Allen, Hugh M., Dr. philos. Parent-offspring interactions in willow grouse (Lagopus 
L. Lagopus). 
1981 
 
 
Myhrer, Trond, Dr. philos. Behavioral Studies after selective disruption of 
hippocampal inputs in albino rats. 
1982 
 
Svebak, Sven, Dr. philos. The significance of motivation for task-induced tonic 
physiological changes. 
1983 Myhre, Grete, Dr. philos. The Biopsychology of behavior in captive Willow 
ptarmigan. 
 Eide, Rolf, Dr. philos.   PSYCHOSOCIAL FACTORS AND INDICES OF 
HEALTH RISKS. The relationship of psychosocial 
conditions to subjective complaints, arterial blood 
pressure, serum cholesterol, serum triglycerides and 
urinary catecholamines in middle aged populations in 
Western Norway. 
 
 
 
Værnes, Ragnar J., Dr. philos. Neuropsychological effects of diving. 
1984 
 
 
 
Kolstad, Arnulf, Dr. philos. Til diskusjonen om sammenhengen mellom sosiale 
forhold og psykiske strukturer. En epidemiologisk 
undersøkelse blant barn og unge. 
 Løberg, Tor, Dr. philos. Neuropsychological assessment in alcohol dependence. 
1985 
 
Hellesnes, Tore, Dr. philos. Læring og problemløsning. En studie av den 
perseptuelle analysens betydning for verbal læring. 
 Håland, Wenche, Dr. philos. Psykoterapi: relasjon, utviklingsprosess og effekt. 
1986 
 
 
Hagtvet, Knut A., Dr. philos.  The construct of test anxiety: Conceptual and 
methodological issues. 
 Jellestad, Finn K., Dr. philos. Effects of neuron specific amygdala lesions on fear-
motivated behavior in rats. 
1987 Aarø, Leif E., Dr. philos.  Health behaviour and sosioeconomic Status. A survey 
among the adult population in Norway. 
 Underlid, Kjell, Dr. philos. Arbeidsløyse i psykososialt perspektiv. 
 
 
 
Laberg, Jon C., Dr. philos. Expectancy and classical conditioning in alcoholics' 
craving. 
 Vollmer, Fred, Dr. philos.  Essays on explanation in psychology. 
 Ellertsen, Bjørn, Dr. philos. Migraine and tension headache: Psychophysiology, 
personality and therapy. 
1988 Kaufmann, Astrid, Dr. philos.  Antisosial atferd hos ungdom. En studie av psykologiske 
determinanter. 
 II 
 
 
Mykletun, Reidar J., Dr. philos.  Teacher stress: personality, work-load and health. 
 
 
 
Havik, Odd E., Dr. philos.  After the myocardial infarction: A medical and 
psychological study with special emphasis on perceived 
illness. 
 
1989 Bråten, Stein, Dr. philos.  Menneskedyaden. En teoretisk tese om sinnets 
dialogiske natur med informasjons- og 
utviklingspsykologiske implikasjoner sammenholdt med 
utvalgte spedbarnsstudier. 
 
 
 
 
Wold, Bente, Dr. psychol. Lifestyles and physical activity. A theoretical and 
empirical analysis of socialization among children and 
adolescents. 
1990 Flaten, Magne A., Dr. psychol. The role of habituation and learning in reflex 
modification. 
1991 Alsaker, Françoise D.,  
Dr. philos.  
Global negative self-evaluations in early adolescence. 
 
 
 
Kraft, Pål, Dr. philos.  AIDS prevention in Norway. Empirical studies on 
diffusion of knowledge, public opinion, and sexual 
behaviour. 
 Endresen, Inger M., Dr. philos. Psychoimmuniological stress markers in working life. 
 Faleide, Asbjørn O., Dr. philos.  Asthma and allergy in childhood. Psychosocial and 
psychotherapeutic problems. 
1992 Dalen, Knut, Dr. philos.  Hemispheric asymmetry and the Dual-Task Paradigm: 
An experimental approach. 
 Bø, Inge B., Dr. philos. Ungdoms sosiale økologi. En undersøkelse av 14-16 
åringers sosiale nettverk. 
 
 
 
 
Nivison, Mary E., Dr. philos.  The relationship between noise as an experimental and 
environmental stressor, physiological changes and 
psychological factors. 
 Torgersen, Anne M., Dr. philos.  Genetic and environmental influence on temperamental 
behaviour. A longitudinal study of twins from infancy to 
adolescence. 
 
1993 Larsen, Svein, Dr. philos.  Cultural background and problem drinking. 
 
 
 
Nordhus, Inger Hilde, Dr. 
philos.  
Family caregiving. A community psychological study with 
special emphasis on clinical interventions. 
 Thuen, Frode, Dr. psychol.  Accident-related behaviour among children and young 
adolescents: Prediction and prevention. 
 Solheim, Ragnar, Dr. philos.  Spesifikke lærevansker. Diskrepanskriteriet anvendt i 
seleksjonsmetodikk. 
 Johnsen, Bjørn Helge,  
Dr. psychol.   
Brain assymetry and facial emotional expressions: 
Conditioning experiments. 
1994 Tønnessen, Finn E., Dr. philos.  The etiology of Dyslexia. 
 Kvale, Gerd, Dr. psychol. Psychological factors in anticipatory nausea and 
vomiting in cancer chemotherapy. 
 III 
 Asbjørnsen, Arve E.,  
Dr. psychol.  
Structural and dynamic factors in dichotic listening: An 
interactional model. 
 Bru, Edvin, Dr. philos.  The role of psychological factors in neck, shoulder and 
low back pain among female hospitale staff. 
 Braathen, Eli T., Dr. psychol.  Prediction of exellence and discontinuation in different 
types of sport: The significance of  motivation and EMG. 
 
 Johannessen, Birte F.,  
Dr. philos.  
Det flytende kjønnet. Om lederskap, politikk og identitet. 
 
1995 Sam, David L., Dr. psychol. Acculturation of young immigrants in Norway: A 
psychological and socio-cultural adaptation. 
 
 Bjaalid, Inger-Kristin, Dr. philos. Component processes in word recognition. 
 Martinsen, Øyvind, Dr. philos.  Cognitive style and insight. 
 
 Nordby, Helge, Dr. philos. Processing of auditory deviant events: Mismatch 
negativity of event-related brain potentials. 
 Raaheim, Arild, Dr. philos. Health perception and health behaviour, theoretical 
considerations, empirical studies, and practical 
implications. 
 
 Seltzer, Wencke J., Dr. philos. Studies of Psychocultural Approach to Families in 
Therapy. 
 
 Brun, Wibecke, Dr. philos. Subjective conceptions of uncertainty and risk. 
 
 Aas, Henrik N., Dr. psychol. Alcohol expectancies and socialization: 
Adolescents learning to drink. 
 
 Bjørkly, Stål, Dr. psychol. Diagnosis and prediction of intra-institutional 
aggressive behaviour in psychotic patients 
1996 Anderssen, Norman,  
Dr. psychol. 
Physical activity of young people in a health perspective: 
Stability, change and social influences. 
 Sandal, Gro Mjeldheim,  
Dr. psychol. 
Coping in extreme environments: The role of personality. 
 Strumse, Einar, Dr. philos. The psychology of aesthetics: explaining visual 
preferences for agrarian landscapes in Western Norway. 
 
 Hestad, Knut, Dr. philos. Neuropsychological deficits in HIV-1 infection. 
  Lugoe, L.Wycliffe, Dr. philos. Prediction of Tanzanian students’ HIV risk and 
preventive behaviours 
 Sandvik, B. Gunnhild,  
Dr. philos. 
Fra distriktsjordmor til institusjonsjordmor. Fremveksten 
av en profesjon og en profesjonsutdanning 
 
 Lie, Gro Therese, Dr. psychol. The disease that dares not speak its name: Studies on 
factors of  importance for coping  with HIV/AIDS in 
Northern Tanzania 
 
 Øygard, Lisbet, Dr. philos. Health behaviors among young adults. A psychological 
and sociological approach 
 Stormark, Kjell Morten,  
Dr. psychol. 
Emotional modulation of selective attention: 
Experimental and clinical evidence. 
 IV 
 Einarsen, Ståle, Dr. psychol. Bullying and harassment at work: epidemiological and 
psychosocial aspects. 
1997 Knivsberg, Ann-Mari, Dr. philos. Behavioural abnormalities and childhood 
psychopathology: Urinary peptide patterns as a potential 
tool in diagnosis and remediation. 
 
 Eide, Arne H., Dr. philos. Adolescent drug use in Zimbabwe. Cultural orientation in 
a global-local perspective and use of psychoactive 
substances among secondary school students. 
 
 Sørensen, Marit, Dr. philos. The psychology of initiating and maintaining exercise 
and diet behaviour. 
 Skjæveland, Oddvar,  
Dr. psychol. 
Relationships between spatial-physical neighborhood 
attributes and social relations among neighbors. 
 Zewdie, Teka, Dr. philos. Mother-child relational patterns in Ethiopia. Issues of 
developmental theories and intervention programs. 
 
 Wilhelmsen, Britt Unni,  
Dr. philos. 
Development and evaluation of two educational 
programmes designed to prevent alcohol use among 
adolescents. 
 
 Manger, Terje, Dr. philos. Gender differences in mathematical achievement among 
Norwegian elementary school  students. 
1998 
V 
Lindstrøm, Torill Christine,  
Dr. philos. 
 
«Good Grief»: Adapting to Bereavement. 
 Skogstad, Anders, Dr. philos. Effects of  leadership behaviour on job satisfaction, 
health and efficiency. 
 
 Haldorsen, Ellen M. Håland,     
Dr. psychol. 
Return to work in low back pain patients. 
 Besemer, Susan P., Dr. philos. Creative Product Analysis: The Search for a Valid Model 
for Understanding Creativity in Products. 
 
H Winje, Dagfinn, Dr. psychol. Psychological adjustment after severe trauma. A 
longitudinal study of adults’ and children’s posttraumatic 
reactions and coping after the bus accident in 
Måbødalen, Norway 1988. 
 
 Vosburg, Suzanne K.,  
Dr. philos. 
The effects of mood on creative problem solving. 
 Eriksen, Hege R., Dr. philos. Stress and coping: Does it really matter for subjective 
health complaints? 
 
 
 
Jakobsen, Reidar, Dr. psychol. 
 
Empiriske studier av kunnskap og holdninger om hiv/aids 
og den normative seksuelle utvikling i ungdomsårene. 
 
1999 
V 
Mikkelsen, Aslaug, Dr. philos. Effects of learning opportunities and learning climate on 
occupational health. 
 
 Samdal, Oddrun, Dr. philos. The school environment as a risk or resource for 
students’ health-related behaviours and subjective well-
being. 
 
 Friestad, Christine, Dr. philos. Social psychological approaches to smoking. 
 Ekeland, Tor-Johan, Dr. philos. 
 
 
Meining som medisin. Ein analyse av placebofenomenet 
og implikasjoner for terapi og terapeutiske teoriar. 
 
 V 
H Saban, Sara, Dr. psychol. Brain Asymmetry and Attention: Classical Conditioning 
Experiments. 
 Carlsten, Carl Thomas,  
Dr. philos. 
God lesing – God læring. En aksjonsrettet studie av 
undervisning i fagtekstlesing. 
 Dundas, Ingrid, Dr. psychol. Functional and dysfunctional closeness. Family 
interaction and children’s adjustment. 
 Engen, Liv, Dr. philos. 
 
 
Kartlegging av leseferdighet på småskoletrinnet og 
vurdering av faktorer som kan være av betydning for 
optimal leseutvikling. 
 
2000 
V 
Hovland, Ole Johan, Dr. philos. Transforming a self-preserving “alarm” reaction into a 
self-defeating emotional response: Toward an integrative 
approach to anxiety as a human phenomenon. 
 
 Lillejord, Sølvi, Dr. philos. Handlingsrasjonalitet og spesialundervisning. En analyse 
av aktørperspektiver. 
 
 Sandell, Ove, Dr. philos. Den varme kunnskapen. 
 Oftedal, Marit Petersen,  
Dr. philos. 
 
 
Diagnostisering av ordavkodingsvansker: En 
prosessanalytisk tilnærmingsmåte. 
 
H Sandbak, Tone, Dr. psychol. Alcohol consumption and preference in the rat: The 
significance of individual differences and relationships to 
stress pathology 
 
 Eid, Jarle, Dr. psychol. 
 
 
Early predictors of PTSD symptom reporting;  
The significance of  contextual and individual factors. 
2001 
V 
Skinstad, Anne Helene,  
Dr. philos. 
Substance dependence and borderline personality 
disorders. 
 
 Binder, Per-Einar, Dr. psychol. Individet og den meningsbærende andre. En teoretisk 
undersøkelse av de mellommenneskelige 
forutsetningene for psykisk liv og utvikling med 
utgangspunkt i Donald Winnicotts teori. 
 
 Roald, Ingvild K., Dr. philos. 
 
 
Building of concepts. A study of Physics concepts of 
Norwegian deaf students. 
H Fekadu, Zelalem W., Dr. philos. Predicting contraceptive use and intention among a 
sample of adolescent girls. An application of the theory 
of planned behaviour in Ethiopian context. 
 
 Melesse, Fantu, Dr. philos. 
 
The more intelligent and  sensitive child  (MISC) 
mediational intervention in an Ethiopian context: An 
evaluation study. 
 
 Råheim, Målfrid, Dr. philos. Kvinners kroppserfaring og livssammenheng. En 
fenomenologisk – hermeneutisk studie av friske kvinner 
og kvinner med kroniske muskelsmerter. 
 
 Engelsen, Birthe Kari,  
Dr. psychol. 
 
Measurement of the eating problem construct. 
 Lau, Bjørn, Dr. philos. Weight and eating concerns in adolescence. 
2002 
V 
Ihlebæk, Camilla, Dr. philos. Epidemiological studies of subjective health complaints. 
 VI 
 Rosén, Gunnar O. R.,  
Dr. philos. 
The phantom limb experience. Models for understanding 
and treatment of pain with hypnosis. 
 Høines, Marit Johnsen,  
Dr. philos. 
Fleksible språkrom. Matematikklæring som tekstutvikling. 
 Anthun, Roald Andor,  
Dr. philos. 
School psychology service quality. 
Consumer appraisal, quality dimensions, and 
collaborative improvement potential 
 
 Pallesen, Ståle, Dr. psychol. Insomnia in the elderly. Epidemiology, psychological 
characteristics and treatment. 
 Midthassel, Unni Vere,  
Dr. philos. 
Teacher involvement in school development activity. A 
study of teachers in Norwegian compulsory schools 
 Kallestad, Jan Helge, Dr. 
philos. 
 
 
Teachers, schools and implementation of the Olweus 
Bullying Prevention Program. 
 
H Ofte, Sonja Helgesen,  
Dr. psychol. 
Right-left discrimination in adults and children. 
 Netland, Marit, Dr. psychol. Exposure to political violence. The need to estimate our 
estimations. 
 Diseth, Åge, Dr. psychol. Approaches to learning: Validity and  prediction of 
academic performance. 
 Bjuland, Raymond, Dr. philos. 
 
 
Problem solving in geometry. Reasoning processes of 
student teachers working in small groups: A dialogical 
approach. 
 
2003 
V 
Arefjord, Kjersti, Dr. psychol. After the myocardial infarction – the wives’ view. Short- 
and long-term adjustment in wives of myocardial 
infarction patients. 
 
 Ingjaldsson, Jón  Þorvaldur,  
Dr. psychol. 
Unconscious Processes and Vagal Activity in Alcohol 
Dependency. 
 Holden, Børge, Dr. philos. Følger av atferdsanalytiske forklaringer for 
atferdsanalysens tilnærming til utforming av behandling. 
 
 Holsen, Ingrid, Dr. philos. 
 
Depressed mood from adolescence to ’emerging 
adulthood’. Course and longitudinal influences of body 
image and parent-adolescent relationship. 
 
 Hammar, Åsa Karin,  
Dr. psychol. 
Major depression and cognitive dysfunction- An 
experimental study of the cognitive effort hypothesis. 
 Sprugevica, Ieva, Dr. philos. The impact of enabling skills on early reading acquisition. 
 Gabrielsen, Egil, Dr. philos. LESE FOR LIVET. Lesekompetansen i den norske 
voksenbefolkningen sett i lys av visjonen om en 
enhetsskole. 
 
H  Hansen, Anita Lill, Dr. psychol. The influence of heart rate variability in the regulation of 
attentional and memory processes. 
 Dyregrov, Kari, Dr. philos. 
 
 
The loss of child by suicide, SIDS, and accidents: 
Consequences, needs and provisions of help. 
2004 
V 
Torsheim, Torbjørn,  
Dr. psychol. 
Student role strain and subjective health complaints: 
Individual, contextual, and longitudinal perspectives. 
 
 VII 
 Haugland, Bente Storm Mowatt 
Dr. psychol. 
 
Parental alcohol abuse. Family functioning and child 
adjustment. 
 Milde, Anne Marita, Dr. psychol. Ulcerative colitis and the role of stress. Animal studies of 
psychobiological factors in  relationship to experimentally 
induced colitis. 
 
 Stornes, Tor, Dr. philos. Socio-moral behaviour in sport. An investigation of 
perceptions of sportspersonship in handball related to 
important factors of socio-moral influence. 
 
 Mæhle, Magne, Dr. philos. Re-inventing the child in family therapy: An investigation 
of the relevance and applicability of theory and research 
in child development for family therapy involving children. 
 
 Kobbeltvedt, Therese,  
Dr. psychol. 
Risk and feelings: A field approach. 
2004  
H 
Thomsen, Tormod, Dr. psychol. Localization of attention in the brain. 
 Løberg, Else-Marie,  
Dr. psychol. 
Functional laterality and attention modulation in 
schizophrenia: Effects of clinical variables. 
 Kyrkjebø, Jane Mikkelsen,  
Dr. philos. 
Learning to improve: Integrating continuous quality 
improvement learning into nursing education. 
 Laumann, Karin,  Dr. psychol. Restorative and stress-reducing effects of natural 
environments: Experiencal, behavioural and 
cardiovascular indices. 
 
 Holgersen, Helge, PhD 
 
Mellom oss -  Essay i relasjonell psykoanalyse. 
2005 
V 
Hetland, Hilde, Dr. psychol. Leading to the extraordinary?  
Antecedents and outcomes of transformational 
leadership. 
 
 Iversen, Anette Christine,  
Dr. philos. 
Social differences in health behaviour: the motivational 
role of perceived control and coping. 
2005  
H 
Mathisen, Gro Ellen, PhD Climates for creativity and innovation: Definitions, 
measurement, predictors and consequences. 
 Sævi, Tone, Dr. philos. Seeing disability pedagogically – The lived experience of 
disability in the pedagogical encounter. 
 
 Wiium, Nora, PhD Intrapersonal factors, family and school norms: 
combined and interactive influence on adolescent 
smoking behaviour. 
 
 Kanagaratnam, Pushpa, PhD Subjective and objective correlates of Posttraumatic 
Stress in immigrants/refugees exposed to political 
violence. 
 
 Larsen, Torill M. B. , PhD Evaluating principals` and teachers` implementation of 
Second Step. A case study of four Norwegian primary 
schools. 
 
 Bancila, Delia, PhD 
 
 
Psychosocial stress and distress among Romanian 
adolescents and adults. 
2006 
V 
Hillestad, Torgeir Martin,   
Dr. philos. 
Normalitet og avvik. Forutsetninger for et objektivt 
psykopatologisk avviksbegrep. En psykologisk, sosial, 
erkjennelsesteoretisk og teorihistorisk framstilling. 
 
 VIII
 Nordanger, Dag Øystein,   
Dr. psychol. 
Psychosocial discourses and responses to political 
violence in post-war Tigray, Ethiopia. 
 Rimol, Lars Morten, PhD Behavioral and fMRI studies of auditory laterality and 
speech sound processing. 
 Krumsvik, Rune Johan,  
Dr. philos. 
ICT in the school. ICT-initiated school development in 
lower secondary school. 
 
 Norman, Elisabeth, Dr. psychol. Gut feelings and unconscious thought:  
An exploration of fringe consiousness in implicit 
cognition. 
 
 Israel, K Pravin, Dr. psychol. Parent involvement in the mental health care of children 
and adolescents. Emperical studies from clinical care 
setting. 
 
 Glasø, Lars, PhD Affects and emotional regulation in leader-subordinate 
relationships. 
 Knutsen, Ketil, Dr. philos. HISTORIER UNGDOM LEVER – En studie av hvordan 
ungdommer bruker historie for å gjøre livet meningsfullt. 
 Matthiesen, Stig Berge, PhD Bullying at work. Antecedents and outcomes. 
2006  
H 
Gramstad, Arne, PhD Neuropsychological assessment of cognitive and 
emotional functioning in patients with epilepsy. 
 
 Bendixen, Mons, PhD Antisocial behaviour in early adolescence: 
Methodological and substantive issues. 
 
 Mrumbi, Khalifa Maulid, PhD Parental illness and loss to HIV/AIDS as experienced by 
AIDS orphans aged between 12-17 years from Temeke 
District, Dar es Salaam, Tanzania: A study of the 
children’s psychosocial health and coping responses. 
 
 Hetland, Jørn, Dr. psychol. The nature of subjective health complaints in 
adolescence: Dimensionality, stability, and psychosocial 
predictors 
 
 Kakoko, Deodatus Conatus 
Vitalis, PhD 
Voluntary HIV counselling and testing service uptake 
among primary school teachers in Mwanza, Tanzania: 
assessment of socio-demographic, psychosocial and 
socio-cognitive aspects 
 
 Mykletun, Arnstein, Dr. psychol. Mortality and work-related disability as long-term 
consequences of anxiety and depression: Historical 
cohort designs based on the HUNT-2 study 
 
 Sivertsen, Børge, PhD Insomnia in older adults. Consequences, assessment 
and treatment. 
2007 
V 
Singhammer, John, Dr. philos. Social conditions from before birth to early adulthood – 
the influence on health and health behaviour 
 
 Janvin, Carmen Ani Cristea, 
PhD  
Cognitive impairment in patients with Parkinson’s 
disease: profiles and implications for prognosis 
 
 Braarud, Hanne Cecilie, 
Dr.psychol. 
Infant regulation of distress: A longitudinal study of 
transactions between mothers and infants 
 
 Tveito, Torill Helene, PhD Sick Leave and Subjective Health Complaints 
 
 IX 
 Magnussen, Liv Heide, PhD Returning disability pensioners with back pain to work 
 Thuen, Elin Marie, Dr.philos. Learning environment, students’ coping styles and 
emotional and behavioural problems. A study of 
Norwegian secondary school students. 
 
 Solberg, Ole Asbjørn, PhD Peacekeeping warriors – A longitudinal study of 
Norwegian peacekeepers in Kosovo 
2007  
H 
Søreide, Gunn Elisabeth, 
Dr.philos. 
 
Narrative construction of teacher identity 
 Svensen, Erling, PhD WORK & HEALTH. Cognitive Activation Theory of Stress 
applied in an organisational setting. 
 Øverland, Simon Nygaard, PhD Mental health and impairment in disability benefits. 
Studies applying linkages between health surveys and 
administrative registries. 
 
 Eichele, Tom, PhD Electrophysiological and Hemodynamic Correlates of 
Expectancy in Target Processing 
 Børhaug, Kjetil, Dr.philos. Oppseding til demokrati. Ein studie av politisk oppseding 
i norsk skule. 
 Eikeland, Thorleif, Dr.philos. Om å vokse opp på barnehjem og på sykehus. En 
undersøkelse av barnehjemsbarns opplevelser på 
barnehjem sammenholdt med sanatoriebarns 
beskrivelse av langvarige sykehusopphold – og et forsøk 
på forklaring. 
 
 Wadel, Carl Cato, Dr.philos. Medarbeidersamhandling og medarbeiderledelse i en 
lagbasert organisasjon 
 Vinje, Hege Forbech, PhD Thriving despite adversity: Job engagement and self-
care among community nurses 
 Noort, Maurits van den, PhD Working memory capacity and foreign language 
acquisition 
2008 
V 
Breivik, Kyrre, Dr.psychol. The Adjustment of Children and Adolescents in Different 
Post-Divorce Family Structures. A Norwegian Study of 
Risks and Mechanisms. 
 
 Johnsen, Grethe E., PhD Memory impairment in patients with posttraumatic stress 
disorder 
 Sætrevik, Bjørn, PhD Cognitive Control in Auditory Processing 
 Carvalhosa, Susana Fonseca, 
PhD 
Prevention of bullying in schools: an ecological model 
2008 
H 
Brønnick, Kolbjørn Selvåg Attentional dysfunction in dementia associated with 
Parkinson’s disease. 
 Posserud, Maj-Britt Rocio Epidemiology of autism spectrum disorders 
 Haug, Ellen Multilevel correlates of physical activity in the school 
setting 
 Skjerve, Arvid Assessing mild dementia – a study of brief cognitive 
tests. 
 X 
 Kjønniksen, Lise  The association between adolescent experiences in  
physical activity and leisure time physical activity in  
adulthood: a ten  year longitudinal study 
 
 Gundersen, Hilde  The effects of alcohol and expectancy on brain function 
 
 Omvik, Siri Insomnia – a night and day problem 
2009 
V 
Molde, Helge Pathological gambling: prevalence, mechanisms and 
treatment outcome. 
 
 Foss, Else Den omsorgsfulle væremåte. En studie av voksnes 
væremåte i forhold til barn i barnehagen. 
 Westrheim, Kariane Education in a Political Context: A study of Konwledge 
Processes and Learning Sites in the PKK. 
 Wehling, Eike Cognitive and olfactory changes in aging 
 Wangberg, Silje C. Internet based interventions to support health behaviours: 
The role of self-efficacy. 
 Nielsen, Morten B. Methodological issues in research on workplace bullying. 
Operationalisations, measurements and samples. 
 Sandu, Anca Larisa MRI measures of brain volume and cortical complexity in 
clinical groups and during development. 
 Guribye, Eugene Refugees and mental health interventions 
 Sørensen, Lin Emotional problems in inattentive children – effects on 
cognitive control functions. 
 Tjomsland, Hege E. Health promotion with teachers. Evaluation of the 
Norwegian Network of Health Promoting Schools: 
Quantitative and qualitative analyses of predisposing, 
reinforcing and enabling conditions related to teacher 
participation and program sustainability. 
 
 Helleve, Ingrid Productive interactions in ICT supported communities of 
learners 
2009 
H 
Skorpen, Aina 
Øye, Christine 
Dagliglivet i en psykiatrisk institusjon: En analyse av 
miljøterapeutiske praksiser 
 
 Andreassen, Cecilie Schou WORKAHOLISM – Antecedents and Outcomes 
 Stang, Ingun Being in the same boat: An empowerment intervention in 
breast cancer self-help groups 
 
 Sequeira, Sarah Dorothee Dos 
Santos  
The effects of background noise on asymmetrical speech 
perception 
 
 Kleiven, Jo, dr.philos. The Lillehammer scales: Measuring common motives for 
vacation and leisure behavior 
 Jónsdóttir, Guðrún  Dubito ergo sum? Ni jenter møter naturfaglig kunnskap. 
 Hove, Oddbjørn Mental health disorders in adults with intellectual 
disabilities - Methods of assessment and prevalence of 
mental health disorders and problem behaviour 
 
 Wageningen, Heidi Karin van The role of glutamate on brain function 
 XI 
 Bjørkvik, Jofrid God nok? Selvaktelse og interpersonlig fungering hos 
pasienter innen psykisk helsevern: Forholdet til 
diagnoser, symptomer og behandlingsutbytte 
 
 Andersson, Martin A study of attention control in children and elderly using 
a forced-attention dichotic listening paradigm 
 
 Almås, Aslaug Grov Teachers in the Digital Network Society: Visions and 
Realities. A study of teachers’ experiences with the use 
of ICT in teaching and learning. 
 
 Ulvik, Marit Lærerutdanning som danning? Tre stemmer i 
diskusjonen 
2010 
V 
Skår, Randi Læringsprosesser i sykepleieres profesjonsutøvelse.  
En studie av sykepleieres læringserfaringer. 
 
 Roald, Knut Kvalitetsvurdering som organisasjonslæring mellom 
skole og skoleeigar 
 Lunde, Linn-Heidi Chronic pain in older adults. Consequences, assessment 
and treatment. 
 Danielsen, Anne Grete Perceived psychosocial support, students’ self-reported 
academic initiative and perceived life satisfaction 
 Hysing, Mari Mental health in children with chronic illness 
 Olsen, Olav Kjellevold Are good leaders moral leaders? The relationship 
between effective military operational leadership and 
morals 
 
 Riese, Hanne Friendship and learning. Entrepreneurship education 
through mini-enterprises. 
 Holthe, Asle Evaluating the implementation of the Norwegian 
guidelines for healthy school meals: A case study 
involving three secondary schools 
 
H Hauge, Lars Johan Environmental antecedents of workplace bullying:  
A multi-design approach 
 
 Bjørkelo, Brita Whistleblowing at work: Antecedents and consequences 
 Reme, Silje Endresen Common Complaints – Common Cure?  
Psychiatric comorbidity and predictors of treatment 
outcome in low back pain and irritable bowel syndrome 
 
 Helland, Wenche Andersen Communication difficulties in children identified with 
psychiatric problems 
 Beneventi, Harald Neuronal correlates of working memory in dyslexia 
 Thygesen, Elin Subjective health and coping in care-dependent old 
persons living at home 
 Aanes, Mette Marthinussen Poor social relationships as a threat to belongingness 
needs. Interpersonal stress and subjective health 
complaints: Mediating and moderating factors. 
 
 Anker, Morten Gustav Client directed outcome informed couple therapy 
 XII 
 Bull, Torill Combining employment and child care: The subjective 
well-being of single women in Scandinavia and in 
Southern Europe 
 
 Viig, Nina Grieg Tilrettelegging for læreres deltakelse i helsefremmende 
arbeid. En kvalitativ og kvantitativ analyse av 
sammenhengen mellom organisatoriske forhold og 
læreres deltakelse i utvikling og implementering av 
Europeisk Nettverk av Helsefremmende Skoler i Norge 
 
 Wolff, Katharina To know or not to know? Attitudes towards receiving 
genetic information among patients and the general 
public. 
 
 Ogden, Terje, dr.philos. Familiebasert behandling av alvorlige atferdsproblemer 
blant barn og ungdom. Evaluering og implementering av 
evidensbaserte behandlingsprogrammer i Norge. 
 
 Solberg, Mona Elin Self-reported bullying and victimisation at school: 
Prevalence, overlap and psychosocial adjustment. 
2011 
V 
Bye, Hege Høivik Self-presentation in job interviews. Individual and cultural 
differences in applicant self-presentation during job 
interviews and hiring managers’ evaluation 
 
 Notelaers, Guy Workplace bullying. A risk control perspective. 
 Moltu, Christian Being a therapist in difficult therapeutic impasses.  
A hermeneutic phenomenological analysis of skilled 
psychotherapists’ experiences, needs, and strategies in 
difficult therapies ending well. 
 
 Myrseth, Helga Pathological Gambling - Treatment and Personality 
Factors 
 
 Schanche, Elisabeth From self-criticism to self-compassion. An empirical 
investigation of hypothesized change prosesses in the 
Affect Phobia Treatment Model of short-term dynamic 
psychotherapy for patients with Cluster C personality 
disorders. 
 
 Våpenstad, Eystein Victor, 
dr.philos. 
Det tempererte nærvær. En teoretisk undersøkelse av 
psykoterapautens subjektivitet i psykoanalyse og 
psykoanalytisk psykoterapi. 
 
 Haukebø, Kristin Cognitive, behavioral and neural correlates of dental and 
intra-oral injection phobia. Results from one treatment 
and one fMRI study of randomized, controlled design. 
 
 Harris, Anette Adaptation and health in extreme and isolated 
environments. From 78°N to 75°S. 
 
 Bjørknes, Ragnhild Parent Management Training-Oregon Model: 
intervention effects on maternal practice and child 
behavior in ethnic minority families 
 
 Mamen, Asgeir Aspects of using physical training in patients with 
substance dependence and additional mental distress 
 
 Espevik, Roar Expert teams: Do shared mental models of team 
members make a difference 
 
 Haara, Frode Olav Unveiling teachers’ reasons for choosing practical 
activities in mathematics teaching 
 
 XIII
2011 
H 
Hauge, Hans Abraham How can employee empowerment be made conducive to 
both employee health and organisation performance? An 
empirical investigation of a tailor-made approach to 
organisation learning in a municipal public service 
organisation. 
 
 Melkevik, Ole Rogstad Screen-based sedentary behaviours: pastimes for the 
poor, inactive and overweight? A cross-national survey 
of children and adolescents in 39 countries. 
 
 Vøllestad, Jon Mindfulness-based treatment for anxiety disorders. A 
quantitative review of the evidence, results from a 
randomized controlled trial, and a qualitative exploration 
of patient experiences. 
 
 Tolo, Astrid Hvordan blir lærerkompetanse konstruert? En kvalitativ 
studie av PPU-studenters kunnskapsutvikling. 
 
 Saus, Evelyn-Rose Training effectiveness:  Situation awareness training in 
simulators 
 
 Nordgreen, Tine Internet-based self-help for social anxiety disorder and 
panic disorder. Factors associated with effect and use of 
self-help. 
 
 Munkvold, Linda Helen Oppositional Defiant Disorder: Informant discrepancies, 
gender differences, co-occuring mental health problems 
and neurocognitive function. 
 
 Christiansen, Øivin Når barn plasseres utenfor hjemmet: beslutninger, forløp 
og relasjoner. Under barnevernets (ved)tak. 
 Brunborg, Geir Scott Conditionability and Reinforcement Sensitivity in 
Gambling Behaviour 
 
 Hystad, Sigurd William Measuring Psychological Resiliency: Validation of an 
Adapted Norwegian Hardiness Scale 
 
2012 
V 
Roness, Dag Hvorfor bli lærer? Motivasjon for utdanning og utøving. 
 Fjermestad, Krister Westlye The therapeutic alliance in cognitive behavioural therapy 
for youth anxiety disorders 
 Jenssen, Eirik Sørnes Tilpasset opplæring i norsk skole: politikeres, 
skolelederes og læreres handlingsvalg 
 Saksvik-Lehouillier, Ingvild  Shift work tolerance and adaptation to shift work among 
offshore workers and nurses 
 
 Johansen, Venke Frederike Når det intime blir offentlig. Om kvinners åpenhet om 
brystkreft og om markedsføring av brystkreftsaken. 
 Herheim, Rune Pupils collaborating in pairs at a computer in 
mathematics learning: investigating verbal 
communication patterns and qualities 
 
 Vie, Tina Løkke Cognitive appraisal, emotions and subjective health 
complaints among victims of workplace bullying:  
A stress-theoretical approach 
 
 Jones, Lise Øen Effects of reading skills, spelling skills and accompanying 
efficacy beliefs on participation in education. A study in 
Norwegian prisons. 
 
 XIV
2012 
H 
Danielsen, Yngvild Sørebø Childhood obesity – characteristics and treatment. 
Psychological perspectives. 
 
 Horverak, Jøri Gytre Sense or sensibility in hiring processes. Interviewee and 
interviewer characteristics as antecedents of immigrant 
applicants’ employment probabilities. An experimental 
approach. 
 
 Jøsendal, Ola Development and evaluation of BE smokeFREE, a 
school-based smoking prevention program 
 Osnes, Berge Temporal and Posterior Frontal Involvement in Auditory 
Speech Perception 
 Drageset, Sigrunn Psychological distress, coping and social support in the 
diagnostic and preoperative phase of breast cancer 
 Aasland, Merethe Schanke Destructive leadership: Conceptualization, 
measurement, prevalence and outcomes 
 Bakibinga, Pauline The experience of job engagement and self-care among 
Ugandan nurses and midwives 
 Skogen, Jens Christoffer Foetal and early origins of old age health. Linkage 
between birth records and the old age cohort of the 
Hordaland Health Study (HUSK) 
 
 Leversen, Ingrid Adolescents’ leisure activity participation and their life 
satisfaction: The role of demographic characteristics and 
psychological processes 
 
 Hanss, Daniel Explaining sustainable consumption: Findings from 
cross-sectional and intervention approaches 
 Rød, Per Arne Barn i klem mellom foreldrekonflikter og 
samfunnsmessig beskyttelse 
2013 
V 
Mentzoni, Rune Aune Structural Characteristics in Gambling 
 Knudsen, Ann Kristin Long-term sickness absence and disability pension 
award as consequences of common mental disorders. 
Epidemiological studies using a population-based health 
survey and official ill health benefit registries. 
 
 Strand, Mari Emotional information processing in recurrent MDD 
 Veseth, Marius Recovery in bipolar disorder. A reflexive-collaborative 
exploration of the lived experiences of healing and 
growth when battling a severe mental illness 
 
 Mæland, Silje Sick leave for patients with severe subjective health 
complaints. Challenges in general practice. 
 Mjaaland, Thera At the frontiers of change? Women and girls’ pursuit of 
education in north-western Tigray, Ethiopia 
 Odéen, Magnus Coping at work. The role of knowledge and coping 
expectancies in health and sick leave. 
 Hynninen, Kia Minna Johanna Anxiety, depression and sleep disturbance in chronic 
obstructive pulmonary disease (COPD). Associations, 
prevalence and effect of psychological treatment. 
 
 XV 
 Flo, Elisabeth Sleep and health in shift working nurses 
 Aasen, Elin Margrethe From paternalism to patient participation?  
The older patients undergoing hemodialysis, their next of 
kin and the nurses: a discursive perspective on 
perception of patient participation in dialysis units 
 
 Ekornås, Belinda Emotional and Behavioural Problems in Children:  
Self-perception, peer relationships, and motor abilities 
 Corbin, J. Hope North-South Partnerships for Health:  
Key Factors for Partnership Success from the 
Perspective of the KIWAKKUKI 
 
 Birkeland, Marianne Skogbrott Development of global self-esteem:  
The transition from adolescence to adulthood 
2013 
H 
Gianella-Malca, Camila Challenges in Implementing the Colombian 
Constitutional Court’s Health-Care System Ruling of 
2008 
 Hovland, Anders Panic disorder – Treatment outcomes and 
psychophysiological concomitants 
 Mortensen, Øystein The transition to parenthood – Couple relationships  
put to the test 
 Årdal, Guro Major Depressive Disorder – a Ten Year Follow-up 
Study. Inhibition, Information Processing and Health 
Related Quality of Life 
 
 Johansen, Rino Bandlitz The impact of military identity on performance in the 
Norwegian armed forces 
 Bøe, Tormod Socioeconomic Status and Mental Health in Children and 
Adolescents 
2014 
V 
Nordmo, Ivar Gjennom nåløyet – studenters læringserfaringer i 
psykologutdanningen 
 Dovran, Anders Childhood Trauma and Mental Health Problems  
in Adult Life 
 Hegelstad, Wenche ten Velden Early Detection and Intervention in Psychosis:  
A Long-Term Perspective 
 Urheim, Ragnar Forståelse av pasientaggresjon og forklaringer på 
nedgang i voldsrate ved Regional sikkerhetsavdeling, 
Sandviken sykehus 
 Kinn, Liv Grethe Round-Trips to Work. Qualitative studies of how persons 
with severe mental illness experience work integration. 
 Rød, Anne Marie Kinn Consequences of social defeat stress for behaviour and 
sleep. Short-term and long-term assessments in rats. 
 Nygård, Merethe Schizophrenia – Cognitive Function, Brain Abnormalities, 
and Cannabis Use 
 Tjora, Tore Smoking from adolescence through adulthood: the role 
of family, friends, depression and socioeconomic status. 
Predictors of smoking from age 13 to 30 in the “The 
Norwegian Longitudinal Health Behaviour Study” (NLHB) 
 
 Vangsnes, Vigdis The Dramaturgy and Didactics of Computer Gaming. A 
Study of a Medium in the Educational Context of 
Kindergartens. 
 
 XVI
 Nordahl, Kristin Berg Early Father-Child Interaction in a Father-Friendly 
Context: Gender Differences, Child Outcomes, and 
Protective Factors related to Fathers’ Parenting 
Behaviors with One-year-olds 
 
2014 
H 
Sandvik, Asle Makoto Psychopathy – the heterogenety of the construct 
 Skotheim, Siv Maternal emotional distress and early mother-infant 
interaction: Psychological, social and nutritional 
contributions 
 
 Halleland, Helene Barone Executive Functioning in adult Attention Deficit 
Hyperactivity Disorder (ADHD). From basic mechanisms 
to functional outcome. 
 
 Halvorsen, Kirsti Vindal Partnerskap i lærerutdanning, sett fra et økologisk 
perspektiv 
 Solbue, Vibeke Dialogen som visker ut kategorier. En studie av hvilke 
erfaringer innvandrerungdommer og norskfødte med 
innvandrerforeldre har med videregående skole. Hva 
forteller ungdommenes erfaringer om videregående 
skoles håndtering av etniske ulikheter? 
 
 Kvalevaag, Anne Lise Fathers’ mental health and child development. The 
predictive value of fathers’ psychological distress during 
pregnancy for the social, emotional and behavioural 
development of their children 
 
 Sandal, Ann Karin Ungdom og utdanningsval. Om elevar sine opplevingar 
av val og overgangsprosessar. 
 Haug, Thomas Predictors and moderators of treatment outcome from 
high- and low-intensity cognitive behavioral therapy for 
anxiety disorders. Association between patient and 
process factors, and the outcome from guided self-help, 
stepped care, and face-to-face cognitive behavioral 
therapy. 
 
 Sjølie, Hege Experiences of Members of a Crisis Resolution Home 
Treatment Team. Personal history, professional role and 
emotional support in a CRHT team. 
 
 Falkenberg, Liv Eggset Neuronal underpinnings of healthy and dysfunctional 
cognitive control 
 Mrdalj, Jelena The early life condition. Importance for sleep, circadian 
rhythmicity, behaviour and response to later life 
challenges 
 
 Hesjedal, Elisabeth Tverrprofesjonelt samarbeid mellom skule og barnevern: 
Kva kan støtte utsette barn og unge? 
2015 
V 
Hauken, May Aasebø «The cancer treatment was only half the work!» A Mixed-
Method Study of Rehabilitation among Young Adult 
Cancer Survivors 
 
 Ryland, Hilde Katrin Social functioning and mental health in children: the 
influence of chronic illness and intellectual function 
 Rønsen, Anne Kristin Vurdering som profesjonskompetanse. 
Refleksjonsbasert utvikling av læreres kompetanse i 
formativ vurdering 
 
 XVII 
 Hoff, Helge Andreas Thinking about Symptoms of Psychopathy in Norway: 
Content Validation of the Comprehensive Assessment of 
Psychopathic Personality (CAPP) Model in a Norwegian 
Setting 
 
 Schmid, Marit Therese Executive Functioning in recurrent- and first episode 
Major Depressive Disorder. Longitudinal studies 
 Sand, Liv Body Image Distortion and Eating Disturbances in 
Children and Adolescents 
 Matanda, Dennis Juma Child physical growth and care practices in Kenya: 
Evidence from Demographic and Health Surveys 
 Amugsi, Dickson Abanimi Child care practices, resources for care, and nutritional 
outcomes in Ghana: Findings from Demographic and 
Health Surveys 
 
 Jakobsen, Hilde The good beating: Social norms supporting men’s 
partner violence in Tanzania 
 Sagoe, Dominic Nonmedical anabolic-androgenic steroid use: 
Prevalence, attitudes, and social perception 
 Eide, Helene Marie Kjærgård Narrating the relationship between leadership and 
learning outcomes. A study of public narratives in the 
Norwegian educational sector. 
 
2015 
H 
Wubs, Annegreet Gera Intimate partner violence among adolescents in South 
Africa and Tanzania 
 Hjelmervik, Helene Susanne Sex and sex-hormonal effects on brain organization of 
fronto-parietal networks 
 Dahl, Berit Misund The meaning of professional identity in public health 
nursing 
 Røykenes, Kari Testangst hos sykepleierstudenter: «Alternativ 
behandling» 
 Bless, Josef Johann The smartphone as a research tool in psychology. 
Assessment of language lateralization and training of 
auditory attention. 
 
 Løvvik, Camilla Margrethe 
Sigvaldsen 
Common mental disorders and work participation – the 
role of return-to-work expectations 
 Lehmann, Stine Mental Disorders in Foster Children: A Study of 
Prevalence, Comorbidity, and Risk Factors 
 Knapstad, Marit Psychological factors in long-term sickness absence: the 
role of shame and social support. Epidemiological 
studies based on the Health Assets Project. 
 
2016 
V 
Kvestad, Ingrid Biological risks and neurodevelopment in young North 
Indian children 
 Sælør, Knut Tore Hinderløyper, halmstrå og hengende snører. En kvalitativ 
studie av håp innenfor psykisk helse- og rusfeltet. 
 Mellingen, Sonja Alkoholbruk, partilfredshet og samlivsstatus. Før, inn i, 
og etter svangerskapet – korrelater eller konsekvenser? 
 Thun, Eirunn Shift work: negative consequences and protective factors 
 XVIII 
 Hilt, Line Torbjørnsen The borderlands of educational inclusion. Analyses of 
inclusion and exclusion processes for minority language 
students 
 
 Havnen, Audun Treatment of obsessive-compulsive disorder and the 
importance of assessing clinical effectiveness 
 Slåtten, Hilde Gay-related name-calling among young adolescents. 
Exploring the importance of the context. 
 Ree, Eline Staying at work. The role of expectancies and beliefs in 
health and workplace interventions. 
 Morken, Frøydis Reading and writing processing in dyslexia 
2016 
H 
Løvoll, Helga Synnevåg Inside the outdoor experience. On the distinction 
between pleasant and interesting feelings and their 
implication in the motivational process. 
 
 Hjeltnes, Aslak Facing social fears: An investigation of mindfulness-
based stress reduction for young adults with social 
anxiety disorder 
 
 Øyeflaten, Irene Larsen Long-term sick leave and work rehabilitation. Prognostic 
factors for return to work. 
 Henriksen, Roger Ekeberg Social relationships, stress and infection risk in mother 
and child 
 Johnsen, Iren «Only a friend» - The bereavement process of young 
adults who have lost a friend to a traumatic death. A 
mixed methods study. 
 
 Helle, Siri Cannabis use in non-affective psychoses: Relationship 
to age at onset, cognitive functioning and social cognition 
 Glambek, Mats Workplace bullying and expulsion in working life. A 
representative study addressing prospective 
associations and explanatory conditions. 
 
 Oanes, Camilla Jensen Tilbakemelding i terapi. På hvilke måter opplever 
terapeuter at tilbakemeldingsprosedyrer kan virke inn på 
terapeutiske praksiser? 
 
 Reknes, Iselin Exposure to workplace bullying among nurses: Health 
outcomes and individual coping 
 Chimhutu, Victor Results-Based Financing (RBF) in the health sector of a 
low-income country. From agenda setting to 
implementation: The case of Tanzania 
 
 Ness, Ingunn Johanne The Room of Opportunity. Understanding how 
knowledge and ideas are constructed in multidisciplinary 
groups working with developing innovative ideas. 
 
 Hollekim, Ragnhild Contemporary discourses on children and parenting in 
Norway. An empirical study based on two cases. 
 Doran, Rouven Eco-friendly travelling: The relevance of perceived norms 
and social comparison 
2017 
V 
Katisi, Masego The power of context in health partnerships: Exploring 
synergy and antagony between external and internal 
ideologies in implementing Safe Male Circumcision 
(SMC) for HIV prevention in Botswana 
 XIX
 Jamaludin, Nor Lelawati Binti The “why” and “how” of International Students’ 
Ambassadorship Roles in International Education 
 Berthelsen, Mona Effects of shift work and psychological and social work 
factors on mental distress. Studies of onshore/offshore 
workers and nurses in Norway. 
 
 Krane, Vibeke Lærer-elev-relasjoner, elevers psykiske helse og frafall i 
videregående skole – en eksplorerende studie om 
samarbeid og den store betydningen av de små ting 
 
 Søvik, Margaret Ljosnes Evaluating the implementation of the Empowering 
Coaching™ program in Norway 
 Tonheim, Milfrid A troublesome transition: Social reintegration of girl 
soldiers returning ‘home’ 
 Senneseth, Mette Improving social network support for partners facing 
spousal cancer while caring for minors. A randomized 
controlled trial. 
 
 Urke, Helga Bjørnøy Child health and child care of very young children in 
Bolivia, Colombia and Peru. 
 Bakhturidze, George Public Participation in Tobacco Control Policy-making in 
Georgia 
 
 Fismen, Anne-Siri Adolescent eating habits. Trends and socio-economic 
status. 
2017 
H 
Hagatun, Susanne Internet-based cognitive-behavioural therapy for insomnia.  
A randomised controlled trial in Norway. 
 Eichele, Heike Electrophysiological Correlates of Performance 
Monitoring in Children with Tourette Syndrome. A 
developmental perspective. 
 
 Risan, Ulf Patrick Accommodating trauma in police interviews. An 
exploration of rapport in investigative interviews of 
traumatized victims. 
 
 Sandhåland, Hilde Safety on board offshore vessels: A study of 
shipboard factors and situation awareness 
 Blågestad, Tone Fidje Less pain – better sleep and mood? 
Interrelatedness of pain, sleep and mood in total 
hip arthroplasty patients 
 
 Kronstad, Morten Frå skulebenk til deadlines. Korleis nettjournalistar 
og journaliststudentar lærer, og korleis dei utviklar 
journalistfagleg kunnskap 
 
 Vedaa, Øystein Shift work: The importance of sufficient time for 
rest between shifts. 
 Steine, Iris Mulders Predictors of symptoms outcomes among adult 
survivors of sexual abuse: The role of abuse 
characteristics, cumulative childhood 
maltreatment, genetic variants, and perceived 
social support. 
 
 Høgheim, Sigve Making math interesting: An experimental study of 
interventions to encourage interest in mathematics 
 XX 
2018 
V 
Brevik, Erlend Joramo Adult Attention Deficit Hyperactivity Disorder. 
Beyond the Core Symptoms of the Diagnostic and 
Statistical Manual of Mental Disorders. 
 
 Erevik, Eilin Kristine User-generated alcohol-related content on social 
media: Determinants and relation to offline alcohol 
use 
 
 Hagen, Egon Cognitive and psychological functioning in patients 
with substance use disorder; from initial 
assessment to one-year recovery 
 
 Adólfsdóttir, Steinunn Subcomponents of executive functions: Effects of 
age and brain maturations 
 Brattabø, Ingfrid Vaksdal Detection of child maltreatment, the role of dental 
health personnel – A national cross-sectional study 
among public dental health personnel in Norway 
 
 Fylkesnes, Marte Knag Frykt, forhandlinger og deltakelse. Ungdommer og 
foreldre med etnisk minoritetsbakgrunn i møte 
med den norske barnevernstjenesten. 
 
 Stiegler, Jan Reidar Processing emotions in emotion-focused therapy. 
Exploring the impact of the two-chair dialogue 
intervention. 
 
 Egelandsdal, Kjetil Clickers and Formative Feedback at University 
Lectures. Exploring students and teachers’ 
reception and use of feedback from clicker 
interventions. 
 
 Torjussen, Lars Petter Storm Foreningen av visdom og veltalenhet – utkast til en 
universitetsdidaktikk gjennom en kritikk og 
videreføring av Skjervheims pedagogiske filosofi på 
bakgrunn av Arendt og Foucault. Eller hvorfor 
menneskelivet er mer som å spille fløyte enn å 
bygge et hus. 
 
 Selvik, Sabreen A childhood at refuges. Children with multiple 
relocations at refuges for abused women. 
 
2018 
H 
Leino, Tony Mathias Structural game characteristics, game features, 
financial outcomes and gambling behaviour 
 Raknes, Solfrid Anxious Adolescents: Prevalence, Correlates, and 
Preventive Cogntive Behavioural Interventions 
 Morken, Katharina Teresa 
Enehaug 
Mentalization-based treatment of female patients 
with severe personality disorder and substance use 
disorder 
 
 Braatveit, Kirsten Johanne Intellectual disability among in-patients with 
substance use disorders 
 Barua, Padmaja Unequal Interdependencies: Exploring Power and 
Agency in Domestic Work Relations in 
Contemporary India 
 
 Darkwah, Ernest Caring for “parentless” children. An exploration of 
work-related experiences of caregivers in children’s 
homes in Ghana. 
 
 Valdersnes, Kjersti Bergheim Safety Climate perceptions in High Reliability 
Organizations – the role of Psychological Capital 
 XXI
2019 
V 
Kongsgården, Petter Vurderingspraksiser i teknologirike læringsmiljøer. 
En undersøkelse av læreres vurderingspraksiser i 
teknologirike læringsmiljøer og implikasjoner på 
elevenes medvirkning i egen læringsprosess. 
 
 Vikene, Kjetil Complexity in Rhythm and Parkinson’s disease: 
Cognitive and Neuronal Correlates 
 Heradstveit, Ove Alcohol- and drug use among adolescents. School-
related problems, childhood mental health 
problems, and psychiatric diagnoses. 
 
 Riise, Eili Nygard Concentrated exposure and response prevention for 
obsessive-compulsive disorder in adolescents: the 
Bergen 4-day treatment 
 
 Vik, Alexandra Imaging the Aging Brain: From Morphometry to 
Functional Connectivity 
 Krossbakken, Elfrid Personal and Contextual Factors Influencing 
Gaming Behaviour. Risk Factors and Prevention of 
Video Game Addiction. 
 
 Solholm, Roar Foreldrenes status og rolle i familie- og 
nærmiljøbaserte intervensjoner for barn med 
atferdsvansker 
 
 Baldomir, Andrea Margarita Children at Risk and Mothering Networks in Buenos 
Aires, Argentina: Analyses of Socialization and Law-
Abiding Practices in Public Early Childhood 
Intervention. 
 
 Samuelsson, Martin Per Education for Deliberative Democracy. Theoretical 
assumptions and classroom practices. 
 Visted, Endre Emotion regulation difficulties. The role in onset, 
maintenance and recurrence of major depressive 
disorder. 
 
2019 
H 
Nordmo, Morten Sleep and naval performance. The impact of 
personality and leadership. 
 

Graphic design: Com
m
unication Division, UiB  /  Print: Skipnes Kom
m
unikasjon AS
uib.no
ISBN: 9788230862223 (print)
9788230857809 (PDF)
